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(54) Driver for ink jet recording head 

(57) An ink jet recording apparatus comprises a re- 
cording head including a pressure generating element 
provided in association with a pressure generating 
chamber communicating with a nozzle orifice, an ink 
drop is jetted from the nozzle orifice by applying a drive 
pulse to the pressure generating element, drive signal 
generating means for generating a drive signal, and 
drive pulse generating means for generating a drive 



pulse from the drive signal. The drive signal generated 
by the drive signal generating means contains wave el- 
ements capable of activating the pressure generating 
element and a connection element incapable of activat- 
ing the pressure generating chamber and for connecting 
connection ends of the wave elements having different 
voltage levels. The drive pulse generating means ap- 
propriately selects the wave elements in the drive signal 
and composes them into the drive pulse. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present Invention relates to an ink jet re- 
cording apparatus which is capable of ejecting ink drops 
of different volumes through the same nozzle orifice and 
more particularly to a method of driving an ink jet record- 
ing head of the ink jet recording apparatus. 
[0002] The ink jet recording apparatus is composed 
of a recording head having linear arrays of nozzle orific- 
es, a carriage mechanism for moving the recording head 
in the main scanning direction (a width direction of a re- 
cording paper), and a paper feeding mechanism for 
moving a recording paper in the subscanning direction 
(paper feeding directbn). 

[0003] The recording head Includes pressure gener- 
ating chambers communicated to the nozzle orifices, 
and pressure generating elements for varying ink pres- 
sures within the pressure generating chambers. In op- 
eratbn, a drive pulse is applied to each pressure gen- 
erating element to vary an ink pressure in the associated 
pressure generating chamber, so that an ink drop is jet- 
ted from the related nozzle orifice. 
[0004] The carriage mechanism moves the recording 
head in the main scanning direction. The recording head 
ejects ink drops through the nozzle orifices at times de- 
termined by dot pattern data, while proving in the main 
scanning directkxi. When the moving recording head 
reaches the terminal end of its moving range, the paper 
feeding mechanism moves a recording paper in the sub- 
scanning directbn. Upon end of the recording paper 
movement, the carriage mechanism moves again the 
recording head in the main scanning directkxi. The re- 
cording head ejects ink drops while moving. 
[0005] Repeating the above sequence of operations, 
the recording head records an image represented by dot 
pattem data on a recording paper 
[0006] The inlqet recording apparatus depicts an im- 
age on a recording paper by combinations of ejection 
and non -ejection of ink, viz., combinations of presence 
and absence of dots. For this reason, a half-tone method 
has been used in which one pixel is formed by a plurality 
of dots, for example, 4 x 4 or 8 x 8 dots. To print or vis- 
ually recording an image at high quality on the recording 
paper by the half-tone method, it is essential to eject ink 
drops of extremely small volumes. Reduction of the vol- 
ume of the ink drop creates another problem of reducing 
printing speed. 

[0007] Achieving of the improvement of the print qual- 
ity and increase of the printing speed is one of the im- 
portant technical subjects currently imposed on engi- 
neers. There ar^some technical solutions, so far as we 
know, to this contradictory subject. 
[0008] In the solution disck^sed in, for example. Jap- 
anese Patent Publk:ation No. 4-15735B and United 
States Patent No. 5.285,215, a plurality of drive signal 
capable of gen rating fine ink drops are applied to the 



recording head. In turn, the recording head ejects a plu- 
rality of fine ink drops through the same nozzle orifice. 
In this case, the fine ink drops jetted are merged into a 
single large ink drop before those fine ink drops land on 
s a recording paper. 

[0009] The technical solution involves some problems 
to be solved, however. The number of fine ink drops that 
may be merged is limited. The result is that the volume 
of one ink drop, which results from the ink drop merging, 
10 may be increased with a limited ink volume and within 
a narrow range where the ink volume is variable. Fur- 
ther, control for merging fine ink drops into one large ink 
drop before they land on the recording paper is difficult. 
[0010] A technical proposal is made in this connec- 
ts tion. In the technque, a drive signal consisting of a suc- 
cession of different drive pulses, which correspond to 
the volumes of fine ink drops to be jetted, is generated, 
and the drive pulses extracted from the drive signal are 
applied to the pressure generating element. 
20 [0011] In the solutbn disclosed in the publications, 
mere connection of different drive pulses will create the 
following problems. 

[0012] A first problem is that a drive period required' 
for printing one dot is long. It is necessary to connect 

2S the number of drive pulses corresponding to the number 
of the different volumes of ink drops. The drive period is 
increased with increase of the number of drive pulses 
connected. The increase of the drive period leads to de- 
crease of the printing speed. 

30 [001 3] A second problem is that the flying velocity of 
the ink drop depends on the volume of the ink drop. 
Viftien comparing a large ink drop for forming a large dot 
with a medium ink drop for forming an medium dot. the 
flying velocity of the large ink drop is higher than that of 

35 the medium ink drop. Increase of the ink-votume differ- 
ence leads to increase of the flying velocity difference. 
The flying vekxjity difference causes an incorrect land- 
ing positran of the ink drop, resulting in degradatran of 
the print quality. 

40 

SUMMARY OF THE INVENTION 

[0014] The present inventkxi is made to successfully 
solve the problems described above, and has an object 

45 to efficiently confine an increased number of drive puls- 
es, which are capable of ejecting ink drops of different 
volumes, within a limited drive perkxJ. 
[0015] Another object of the present invention is to 
lessen the flying velocity difference caused by the vol- 

so ume difference among the ink drops. 

[001 6] In order to achieve the above objects, accord- 
ing to a first aspect of the present invention, there is pro- 
vided an ink jet recording apparatus comprising: a re- 
cording head including a pressure generating element 

55 provided in association with a pressure generating 
chamber communicating with a nozzle orifice, an ink 
drop is jetted from the nozzle orific by applying a drive 
pulse to the pressure generating element; drive signal 
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generating means tor generating a drive signal; and 
drive pulse generating means tor generating a drive 
pulse trom the drive signal; wherein the drive signal gen- 
erated by the drive signal generating means contains 
wave elements capable ot activating the pressure gen- s 
erating element and a connection element incapable of 
activating the pressure generating chamber and for con- 
necting connection ends of the wave elements having 
different voltage levels, and wherein the drive pulse gen- 
erating means appropriately selects the wave elements 
In the drive signal and composes them into the drive 
pulse. 

[0017] According to a second aspect of the. present 
invention, in the ink jet recording apparatus of the first 
aspect, the time period ot the voltage-gradient portion 
of the connection element is not longer than that of the 
wave elements. 

[0018] According to a third aspect of the present in- 
vention, in the ink jet recording apparatus ot the first or 
second aspect, the wave elements include a plurality of 
ejection wave elements capable of driving the pressure 
generating element to eject an ink drop. The connection 
element interconnects the ejection wave elements. 
[0019] According to a fourth aspect of the present in- 
vention, in the ink jet recording apparatus of the third 
aspect, the wave elements include a filling wave ele- 
ment capable of driving the pressure generating ele- 
ment to fill ink into the pressure generating chamber 
The drive pulse generating means generates a plurality 
hinds ot drive pulses at the time of selecting the ejection 
wave element and the tilling wave element. 
[0020] According to a fifth aspect of the present inven- 
tion, in the ink jet recording apparatus of the first to fourth 
aspects, the wave elements include a plurality ot ejec- 
tion wave elements capable of driving the pressure gen- 
erating element to eject ink drops at different timings. 
The drive pulse generating means generates a plurality 
ot drive pulses such that an ink drop tomning a small- 
volume ctot is ejected earlier than an ink drop forming a 
large-volume dot. 

[0021] According to a sixth aspect of the present in- 
vention, in the Inkjet recording apparatus of the first to 
fourth aspects, the wave elements include a plurality of 
eject kxi wave elements capable of driving the pressure 
generating element to eject ink drops at different tim- 
ings. The drive pulse generating means generates a 
small-dot drive pulse capable of ejecting a small -volume 
ink drop to form a small dot, a medium-dot drive pulse 
capable ot ejecting a medium ink drop to form a medium- 
volume dot, and a large-dot drive pulse capable ot eject- 
ing a large ink drop to form a large-volume dot. Either 
one ot ejection wave elements of large- or medium-dot 
drive pulses Is located before an ejection wave element 
of a snnall-dot drive pulse on the time axis, and the other 
one is located aft r an ejection wave element ot a small- 
dot drive pulse on the time axis. 
[0022] According to a seventh aspect of the present 
invent kxi, In the ink jet recording apparatus of the first 



to fourth aspects, the wave elements include first and 
second large-dot ejectbn wave elements capable of 
forming a large-volume dot. and an other-dot ejection 
wave element for ejecting an ink drop to form a dot hav- 
ing a size other than the large-volume dot. At least the 
other-dot ejection wave element is located between the 
first and second large-dot ejection wave elements. The 
drive pulse generating means generates a drive pulse 
containing the first and second large<tot ejection wave 
elements. 

[0023] According to an eighth aspect ot the present 
invention, in the ink jet recording head apparatus ot the 
ink jet recording apparatus of the first to fourth aspects, 
the wave elements include a plurality of large-dot ejec- 
tion wave elements for respectively ejecting a large ink 
drop forming a large-volume dot and an other-dot ejec- 
tion wave element for ejecting an ink drop forming a dot 
having a size other than the large-volume dot, which is 
arranged between the large-dot ejection wave ele- 
ments. The drive pulse generating means generates a 
drive pulse composed of at least one ejection wave el- 
ement. 

[0024] According to a ninth aspect of the present in- 
vention, in the ink jet recording head apparatus of the 
ink jet recording apparatus of the eighth aspect, the 
waveforms of the plurality of large-dot ejection wave el- 
ements are substantially the same with each other. 
[0025] According to a tenth aspect ot the present in- 
vention, in the ink jet recording head apparatus of the 
ink jet recording apparatus of the eighth and ninth as- 
pects, two large-dot ejection wave elements are ar- 
ranged in the drive signal so as to appear at a constant 
interval. 

[0026] According to an eleventh aspect of the present 
invention, in the ink jet recording apparatus of the first 
aspect, the wave elements include a plurality ot filling 
wave elements capable of driving the pressure gener- 
ating elenr>ent to fill ink into the pressure generating 
chamber, and an ejectkxi wave element capable of driv- 
ing the pressure generating element to eject an ink drop. 
TTie connection element interconnects the filling wave 
elements. The drive pulse generating means generates 
a drive pulse containing one selected filling wave ele- 
nnent and an ejection wave element. 
[0027] According to a twelfth aspect of the present in- 
vent kxi. in the ink jet recording apparatus ot the first to 
eleventh aspects, the connection element includes con- 
stant voltage portions at both ends coupled to the wave 
element. 

[0028] According to a thirteenth aspect of the present 
invention, there Is provided an ink jet recording appara- 
tus comprising: a pressure generating element for ex- 
panding and contracting a pressure generating cham- 
ber in response to a drive pulse to vary an ink pressure 
within the pressur generating chamber in order to eject 
an Ink drop trom an nozzle orifice associated with the 
pressur gen rating chamber drive signal gen rating 
nrieans for generating for generating a drive signal; and 
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drive pulse generating means for generating a drive 
pulse fronn the drive signal, the drive pulse generating 
nneans generating a first drive pulse containing an ex- 
pansion wave element for expanding the pressure gen- 
erating chamber and holding the expanded state of the 
pressure generating chamber, a first filling wave ele- 
ment for further expanding the pressure generating 
chamber expanded by the expansion wave element, 
and a first ejection wave element for contracting the 
pressure generating chamber expanded by the first fill- 
ing wave element. 

[0029] According to a tenth aspect of the present in- 
vention, in the ink jet recording apparatus of the four- 
teenth aspect, a time period for holding the expanded 
state of the pressure generating chamber is longer than 
the period of a natural period of the pressure generating 
chamber 

[0030] According to a fifteenth aspect of the present 
invention, in the Inkjet recording apparatus of the ninth 
and tenth aspects, the drive pulse geneiating means 
generates a second drive pulse containing a contraction 
wave element for contracting the pressure generating 
chamber and holding the contracted state of the pres- 
sure generating chamber, a second filling wave element 
for expanding the pressure generating chamber con- 
tracted and held by the contraction wave element to fill 
ink therein, and a second ejection wave element for con- 
tracting the pressure generating chamber expanded^by 
the second filling wave element to eject an ink drop. 
[0031] According to a sixteenth aspect of the present 
inventkxi, in the ink jet recording apparatus of the thir- 
leen to fifteenth aspects, the expansion wave element 
consists of stepwise expansion wave elements for step- 
wise expanding the pressure generating chamber, 
[0032] According to a seventeenth aspect of the 
"present invention, in the ink jet recording apparatus of 
the thirteenth to sixteenth aspects, the contraction wave 
element consists of stepwise contraction wave ele- 
ments for stepwise contracting the pressure generating 
chamber 

[0033] According to an eighteentn aspect of the 
present invention, in the ink jet recording apparatus of 
the thirteenth to seventeenth aspects, at least one of the 
drive pulses is divided into a plurality of wave elements 
in the drive signal. At least one other wave element for 
forming other drive pulse is located among the divided 
wave elements. The drive pulse generating means se- 
lectively composes the divided wave elements into a 
drive pulse. 

[0034] According to a nineteenth aspect of the 
present invention, in the ink jet recording apparatus of 
the thirteenth to eighteenth aspects, the expansion 
wave element, which is to constitute at least one of the 
drive pulses, Is dlvkied Into a plurality of expansion seg- 
ments. At least one ejection wave element, which is to 
constitute at least one other drive pulse, is located 
anrKxig th divided xpansion segments to form the 
drive signal. 



[0035] According to a twentieth aspect of the present 
invention, in the Ink jet recording apparatus of the thir- 
teenth to nineteenth aspects, the contraction wave ele- 
ment, which is to constitute at least one of the drive puls- 

s es. is divided into a plurality of contraction segments. At 
least one ejection wave element, which is to constitute 
at least one other drive pulse, is located among the di- 
vided contraction segments to form the drive signal. 
[0036] According to a twenty-first aspect of the 

10 present Inventbn. in the ink jet recording apparatus of 
the eighteenth to twentieth aspects, an expansion seg- 
ment constituting a part of the expansion wave element 
is located the front part of the drive signal. The first ejec- 
tion wave element is located at the end part of the drive 

'5 signal. 

[0037] According to a twenty-second aspect of the 
present inventkxi, in the ink jet recording apparatus of ' 
the eighteenth to twenty-first aspects, different voltage 
levels of the divided wave elements are mutually con- 
20 nected by the connection element. 

[0038] According to a twenty-third aspect of the 
present inventkxi, in the ink jet recording apparatus of 
the first to twenty-second aspects, the pressure gener- 
ating element is a piezoelectric vibrator of th e flexural 
25 vibration type. 

[0039] According to a twenty-fourth aspect of the 
present inventbn, in the Ink jet recording apparatus of 
the first to twenty-second aspects, the pressure gener- 
ating element is a piezoelectric vibrator of th e longitudi- 
30 nal vibration type. 

[0040] According to a twenty-fifth aspect of the 
present inventkxi, in the Inkjet recording apparatus of 
the first to twelfth and twenty-second aspects, the pres- 
sure generating element includes a piezoelectric vibra- 
35 tor of the longitudinal vibration type. An end point of the 
wave element for decreasing the voltage from a medium 
voltage is set at a voltage level within a range of 5V from 
a ground potential and connected to the connectkxi el- 
ement. 

40 [0041] According to a twenty-sixth aspect of the 
present invention, there is provided a method of driving 
an ink jet recording apparatus comprising the steps of: 
generating a drive signal containing divided wave ele- 
ments mutually connected by at least one connection 

45 element; selecting wave elements located before and 
after the connection element on the time axis; compos- 
ing the selected wave elements into a drive pulse; and 
applying the generated drive pulse to an pressure gen- 
erating element to eject an Ink drop. 

so [0042] According to a twenty-seventh aspect of the 
present invention, there is provided a method of driving 
an ink jet recording apparatus comprising the steps of: 
generating a drive pulse for expanding the pressure 
generating chamber, holding the expanded state of the 

55 pressure generating chamber for a predetemiined time 
perkxJ, further expanding the expanded pressure gen- 
rating chamber and contracting the further expanded 
pressure generating chamber; and applying the drive 
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pulse to a pressure generating element to eject an ink 
drop. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 

[0043] In the accompanying drawings: 

Fig. 1 is a functional block diagram showing an 
overall ink jet recording apparatus; 
Fig. 2 is a sectional view showing a structure of a io 
recording head; 

Fig. 3 is a block diagram showing an essential por- 
tk>n of a recording head drive circuit; 
Fig. 4 is a diagram showing a first embodiment of 
the present invent kxi: Fig. 4(a) shows a waveform is 
of a drive signal; Fig. 4(b) shows an explanatory di- 
agram for explaining a connection element in the 
drive signal; and Fig. 4(c) shows a table showing 
the relatk>nships between the gradatkxi values and 
print data; 

Fig. 5 is a waveform diagram showing waveforms 
of drive pulses in the first embodiment; 
Fig. 6 is a waveform diagram showing a drive signal 
and drive pulses in a second embodiment of the 
present invention; 

Fig. 7 is a waveform diagram showing a drive signal 
and drive pulses in a third embodiment of the 
present invention; 

Fig. 8 is a waveform diagram showing a drive signal 
and drive pulses in a fourth embodiment of the 
present invention; 

Fig. 9 is a waveform diagram showing a drive signal 
in a fifth embodiment of the present invention; 
Fig. 1 0 is a waveform diagram showing a drive sig- 
nal and drive pulses in the fifth embodiment of the 
present invention; 

Fig. 11 shows a sixth embodiment of the present 
invention; Fig. 1 1 (a) is a waveform diagram showing 
a drive signal and drive pulses in the sixth embod- 
iment of the present inventkxi, and Figs. 11 (b) and 
11 (c) are diagrams showing connection elements; 
Fig. 12 shows a sixth embodiment of the present 
invention; Fig. 1 2(a) is a waveform diagram show- 
ing a drive signal and drive pulses in the seventh 
embodiment of the present invention, and Figs. 12 
(b) to 12(d) are diagrams showing connectkxi ele- 
ments; 

Fig. 1 3 is a wavefomn diagram showing a drive sig- 
nal and drive pulses in an eighth embodiment of the 
present invention; 

Figs. 14(a) to 14(d) are connectkxi elements in the 
eighth embodiment of the present invention; ^ 
Fig. 1 5 is a wavefomn diagram showing a drive sig- 
nal in a ninth embodiment of the present invention; 
Fig. 16 is a wavefomn diagram showing drive puis s 
in the ninth embodiment of the pr sent invention; 
Fig. 17 is a waveform diagram showing a drive sig- 
nal and drive pulses in a tenth embodiment of the 



present invention; 

Fig. 18 is a waveform diagram showing a drive sig- 
nal and drive pulses in an eleventh embodiment of 
the present invention; 

Fig. 19 is a sectional view showing another type of 
a recording head that may be applied to the present 
invention; and 

Fig. 20 is a waveform diagram showing a drive sig- 
nal and drive pulses, which are used for driving the 
recording head of Fig. 19. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0044] The preferred embodiments of the present in- 
vention will be described with reference to the accom- 
panying drawings. Fig. 1 is a functional block diagram 
showing an ink jet recording apparatus into which the 
present invention is incorporated. 
[0045] The ink jet recording apparatus includes a 
printer controller 1 and a print engine 2. The printer con- 
troller 1 includes: an interface 3 which receives print da- 
ta, vark>us instructions and others from, for example, a 
host computer (not shown); a RAM 4 for storing various 
data; a ROM 5 for storing control routines for various 
data processings; a control unit 6 including CPU or 
CPUs; an oscillator circuit 7; a drive-signal generator cir- 
cuit 9 for generating drive signals to be transmitted to a 
recording head 8; and an interface 10 which transmits 
print data taking the form of dot pattern data (bit map 
data), drive signals and others to the print engine 2. The 
drive-signal generator circuit 9 is one form of drive signal 
generating means of the present invention. 
[0046] The interface 3 receives print data consisting 
of at least one of character codes, graphic functions, and 
image data from the host computer, for example. Fur- 
ther, the interlace sends a busy (BUSY) signal, an ac- 
knowledge (ACK) signal and others to the host compu- 
ter. 

[0047] The RAM 4 is used for a receiving buffer 4a, 
an intermediate buffer 4b. an output buffer 4c, a work 
memory (not shown) and others. The receiving buffer 
4a temporarily stores print data which comes in through 
the hterface 3from the host computer. The intermediate 
buffer 4b stores intermediate code data into which the 
print data is converted by the control unit 6. Dot pattern 
data decoded from gradatk>n data is stored into the out- 
put buffer 4c. This will be described in detail later 
[0048] The ROM 5 stores various control routines to 
be executed by the control unit 6. font data, graphic func- 
tions and others. 

[0049] The control unit 6 reads out print data from the 
receiving buffer 4a and converts it into intermediate 
code data, and then stores the intermediate code data 
into the intermediat buff r 4b. Further, the control unit 
6 reads out the int nmediat code data from the inter- 
mediate buffer 4b, and xpands it into dot pattern data 
while referring to font data and graphic functkxis that 



3S 



40 



45 



SO 



6 



EP 0 963 845 A1 



10 



are stored in the ROM 5. The expanded dot pattern data 
is subjected to a necessary nrKxJitying process and the 
resultant is stored into the output buffer 4c, 
[0050] When the anrraunt of the dot pattern data 
reaches that corresponding to one line of the recording 
head 8, the dot pattern data is serially transferred 
through the interface 10 to the recording head 8. When 
the one-line dot pattern data is output from the output 
buffer 4c, the contents of the intermediate buffer 4b are 
erased, and the next conversion from the print data to 
intermediate code data is performed. 
[0051 ] The print engine 2 is made up of the recording 
head 8, a paper feeding mechanism 11 and a carriage 
mechanism 12. The paper feeding mechanism 11, 
which includes at least a paper feed motor and paper 
feed rollers, feeds printing media, e.g.. recording pa- 
pers, to the related location in successive manner. In 
other words, the paper feeding mechanism 11 produces 
a subscanning motion in the printing operation. The car- 
riage mechanism 12 includes a carriage on which the 
recording head 8 is mounted, and a pulse nriotor for mov- 
ing the carriage with the aid of a timing belt. The carriage 
mechanism 12 produces a main scanning motion in the 
printing operation. 

[0052] The recording head 8 has a number (for exam- 
ple. 64) of nozzle orifices 1 3 are arrayed in the subscan- 
ning direction (see Fig. 2). Ink drops are jetted from the 
nozzle orifices 1 3. 

[0053] The print data SI now taking the form of dot 
pattern data is serially transferred to a selection signal 
generating section 22 by way of the interface 10. while 
being synchronized with a clock signal CK derived from 
the oscillator circuit 7. The selection signal generating 
sectbn 22 generates a selection signal based on the 
print data upon reception of a latch signal LAT and sup- 
plies the selection signal to a level shifter as a voltage 
amplifier. The selection signal is provided to select es- 
sential parts out of a drive signal COM generated by the 
drive^ignal generator circuit. 

[0054] The level shifter 23 outputs a switch signal to 
a switch circuit 24 In accordance with the selectbn sig- 
nal The drive signal is inputted to the switch circuit 24 
and a piezoelectric vibrator 25 is connected to the output 
side of the switch circuit 24. The circuit switch 24 is made 
conductive by the input of the switch signal. The piezo- 
electric vibrator 26 may be one form of the pressure gen- 
erating element in the present invention. 
[0055] The print data controls the operation of the 
switch circuit 24. During a period that the print data 
transferred to the switch circuit 24 is "f in logic state, 
the selection signal isoutputtedfromthe selectk>n signal 
generating section 22 and the switch signal is outputted 
from the level shifter 23 to allow the drive signal to be 
input to the piezoelectric vibrator 25. The piezoelectric 
vibrator is mechanically defomned in accordance with 
the drive signal. During a period that the print data trans- 
ferred to th switch circuit 24 is "0" in logic stat , the 
switch circuit 24 prohibits the drive signal from going to 



the piezoelectrk; vibrator 25. 

[0056] With a deformation of the piezoelectric vibrator 
25, an ink drop is jetted from the rtozzle orifice 13. 
[0057] The details of the recording head 8 will be giv- 
5 en. A structure of the recording head 8 will first be de- 
scribed. The recording head 8 shown in Fig. 2 contains 
a piezoelectric vibrator 25 of the flexural vibratbn type. 
[0058] The recording head 8 includes: an actuator unit 

32 having a plurality of pressure generating chambers 
31 ; and a channel unit 34 having nozzle orifices 1 3 and 
ink resen/oirs 33, and piezoelectric vibrator 25. The 
channel unit 34 is bonded to the front face of the actuator 
unit 32. while the piezoelectric vibrator 25 are provided 
on the rear face thereof. 

[0059] The pressure generating chamber 31 is ex- 
panded and contracted with defomnation of the piezoe- 
lectric vibrator 25 associated therewith, so that a pres- 
sure within the pressure generating chamber 31 varies. 
With the pressure variation within the pressure gener- 
ating chamber 31 , ink is jetted in the fonm of an ink drop 
through the nozzle orifice 1 3 associated therewith. More 
precisely, the interior of the pressure generating cham- 
ber 31 is pressurized by abruptly contracting the pres- 
sure generating chamber, so that ink is forcibly dis- 
charged out of the pressure generating chamber 
through the nozzle orifice 13, 

[0060] The actuator unit 32 includes a chamber form- 
ing substrate 35 in which spaces to be used for pressure 
generating chambers 31 are formed, a cover member 
36 to be bonded onto the front side of the chamber form- 
ing substrate 35, and a vibration plate to be bonded on 
the rear side of the chamber forming substrate 35 to 
close the spaces thereof. The cover member 36 in- 
cludes first ink channel 38 and second ink channel 39. 
The first ink channels 38 communicate the ink reservoirs 

33 with the pressure generating chambers 31. respec- 
tively. The second ink channels 39 communicate the 
pressure generating chambers 31 with the nozzle orific- 
es 1 3, respectively. 

[0061] The channel unit 34 includes an reservoir form- 
ing substrate 41 in which spaces to be used for ink res- 
ervoirs 33 are fomned, a nozzle plate 42 having a 
number of nozzle orifices 13 which is bonded on the 
front side of the reservoir forming substrate 41 , and a 
port forming plate 43 bonded on the rear side of the res- 
ervoir forming substrate 41. 

[0062] The reservoir forming substrate 41 includes 
through holes 44 respectively communicated with the 
nozzle orifices 13. The port forming plate 43 includes 
ink supply ports 45 each communicating a ink reservoir 
33 and its associated first ink channel 38. and througfi 
holes 46 each communicating a though hole 44 and its 
associated through hole 46. 

[0063] Thus, the recording head 8 includes a plural 
number of ink channels formed therein, each channel 
ranging from a ink reservoir 33 through its associated 
pressur generating chamber 31 to its associated noz- 
zle orifice 1 3. 
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[0064] Each piezoelectric vibrator 25 is disposed 
while being opposed to its associated pressure gener- 
ating chamber 31 with respect to the vibration plate 37. 
Lower electrodes 48 are formed on the front side of the 
piezoelectric vibrator 25, shaped like a planar plate, 
while upper electrodes 49 are formed on the rear side 
of the piezoelectric vibrator 25 while covering the latter 
[0065] Connection terminals 50 are fonmed at both 
ends of the actuator unit 32. The lower ends of each 
connection terminal 50 is electrically connected to the 
upper electrode 49 of the piezoelectric vibrator 25. The 
upper end of the connection terminal 50 is located where 
is higher than the piezoelectric vibrator 25. A flexible cir- 
cuit board 51 is bonded to the upper ends of the con- 
nection terminals 50. A drive signal is applied to each 
piezoelectric vibrator 25 by way of the connection ter- 
minal 50 and the upper electrode 49. 
[0066] The pressure generating chambers 31 , the pi- 
ezoelectric vibrators 25 and the connection terminals 50 
are each two in number in Fig. 2. Actually, pressure gen- 
erating chambers, the piezoelectric vibrators and the 
connection terminals are provided corresponding in 
number to the nozzle orifices 1 3, and hence the number 
of those are large. 

[0067] When a drive pulse is applied to the recording 
head 8. a potential difference is created between the up- 
per electrode 49 and the lower electrode 48. The piezo- 
electric vibrator 25, when placed under this potential dif- 
ference, contracts in the direction perpendicular to an 
electric field caused by the potential difference. At this 
time, one side of the piezoelectric vibrator 25 (coupled 
to the vibration plate 37) located on the lower electrode 
48, is not contracted, while the other side thereof located 
on the upper electrode 49 is contracted. As a result, the 
piezoelectric vibrator 25 and the vibration plate 37 are 
curved toward the pressure generating chamber 31 , and 
hence the volume of the pressure generating chamber 
31 is reduced. 

[0068] To eject an ink drop through the nozzle orifice 
1 3, the pressure generating chamber 31 is abruptly con- 
tracted. At this time, an ink pressure within the pressure 
generating chamber 31 is increased, and the increased 
pressure forcibly discharge ink in the form of an ink drop 
through the nozzle orifice 13. from the pressure gener- 
ating chamber 31 . After the discharging of the ink drop, 
the potential difference between the upper electrode 49 
and the lower electrode 48 is removed, the piezoelectric 
vibrator 25 and the vibration plate 37 are returned into 
their original state. As a result, the pressure generating 
chamber 31 is expanded, and ink is supplied from the 
ink reservoir 33 to the pressure generating chamber 31 
via the ink supply port 45. 

[0069] An electrical configuration of the recording 
head 8 will now be described. 
[0070] The recording head 8, as shown in Fig. 1, in- 
cludes at least the selection signal generating section 
22. the level shifter 23, the switch circuit 24 and the pi- 
ezoelectric vibrator 25, which serve as drive pulse gen- 



erating means in the present invention. As shown in Fig. 
3, the level shifter 23 is constructed with level shifter el- 
ements 23a to 23n. The switch circuit 24 is constructed 
with switch elements 24a to 24n. The piezoelectric vi- 
s brator 25 is constructed with piezoelectric vibrator ele- 
ments 25a to 25n. The selection signal generated by the 
selection signal generating sectk>n 22 is selectively pro- 
vkjed to the level shifter elements 23a to 23n in accord- 
ance with the print data. The conductive states of switch 
10 elements 24a to 24n are selectively controlled by the 
selection signal. The drive signal COM generated by the 
drive-signal generator circuit 9 is commonly inputted to 
the respective switch circuit 24a to 24n. When the re- 
spective switch elements 24a to 24n are made conduc- 
es tive, the drive signal is selectively provided to the asso- 
ciated piezoelectric vibrator elements 25a to 25n re- 
spectively connected to the associated switch circuit 
24a to 24n. 

[0071] In the recording head 8 thus electrically con- 

20 figured, print data SI of dot pattern data is serially trans- 
ferred from the output buffer 4c and the resultant data 
stream is successively loaded into the shift register 21 
[0072] The highest significant bit data {= print data D 1 
in Fig. 4(a)) of the print data for ail the nozzle orifices 1 3 

25 is first sent out in a serial manner. Following the serial 
transmission of the highest significant bit data, the sec- 
ond order bit data (= print data D2) is then sent out. Sub- 
sequently, the third, fourth. ... order bit data, if present, 
are sent out in a serial manner. 

30 [0073] When the print data for all the nozzle orifices 
1 3 have been loaded into the shift register elements 21 a 
to 21n, the control unit 6 sends a latch signal LAT to.the 
latch circurt 22 at a proper time point. In response to the 
latch signal LAT, the latch circuit 22 latches the print da- 

35 ta, which receives from the shift register 21 . The print 
data is supplied from the latch circuit 22 to the level shift- 
er 23 as a voltage amplifier. When the print data is '1 
for example, the level shifter 23 amplifies the print data 
signal to have a sigrial (voltage) level (for example, sev- 

40 eral tens V) high enough to drive the switch circuit 24. 
The print data signal thus level-shitted is applied to the 
switch elenrtents 24a to 24n, so that those switch ele- 
ments are turned on. 

[0074] At this time, a drive signal COM has been ap- 
45 plied to the switch elements 24a to 24n, from the drive- 
signal generator circuit 9. The switch elements 24a to 
24n, when turned on, allow the drive signal to be input 
to the piezoelectrk; vibrator elements 25a to 25n, which 
are coupled for reception with the switch elements 24a 
so to 24n, respectively. 

[0075] Thus, in the recording head 8, it is controlled 
whether the drive signal is inputted to the piezoelectric 
vibrator 25 based on the print data. During a period that 
the print data is "1 the switch circuit 24 is turned on to 
ss allow the drive signal to be input to the piezoelectric vi- 
brator 25 in order to deform the same. During a period 
that the print data is "O", the switch circuit 24 is turned 
off to prohibit the drive signal from being inputted to the 
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piezoelectric vibrator 25. During this period, the piezo- 
electric vibrator 25 holds the amount ot charge at the 
preceding period, and hence the preceding deformation 
state of the vibrator is retained, 
[0076] A control of the recording head 8 will be de- 
scribed. In the description to follow, four gradation lev- 
els, "large dot', "medium dot", "small dot" and "non- 
print", are used for ease of explanation. The "large dot" 
is a relatively large dot formed by using a large ink drop 
of which the ink volume is about 20pL (picoliter). The 
■medium dot" is a medium-size dot fomned by using an 
ink drop of which the ink volume is about 8pL. The 'small 
dot" is a relatively small dot formed by using a relatively 
small ink drop of which the ink volume is about 4pL. 
[0077] Fig. 4(a) shows a waveform diagram showing 
a waveform of a drive signal generated by the drive-sig- 
nal generator circuit 9. The waveform is configured so 
as to eject three ink drops of different ink volumes, a 
large ink drop, a medium ink drop and a small ink drop 
through the same nozzle orifice 1 3. 
[0078] The drive-signal generator circuit 9 generates 
the drive signal at print periods T of 7.2kHz. The print 
periods T defines a printing speed of the recording ap- 
paratus. The drive pulse generator, which includes the 
selection signal generating section 22, the level shifter 
23 and the switch circuit 24. receives the drive signal 
having the thus configured waveform, and processes 
the signal v/aveform to generate a small-dot drive pulse 
for the ejection of a small ink drop, a medium-dot drive 
pulse for the ejection of a medium ink drop, and a large- 
dot drive pulse for the ejection of a large ink drop. 
[0079] How to process the drive signal and to gener- 
ate drive pulses will be described. 
[0080] The waveform of the drive signal (Fig. 4(a)) 
contains wave elements and connectkMi elements. The 
"wave element' is an element supplied to the piezoelec- 
Irk; vibrator 25 to deform the same. The connectkxi el- 
ement is an element which does not deform the piezo- 
electric vibrator 25, and interconnects the adjacent 
wave elements connection ends of which have different 
voltage level. 

[0081] The wave element noay be classified into a 
contraction wave element, a filling wave element, an 

^ ejecton wave element, and a damp wave element. The 
contraction wave element deforms the piezoelectric vi- 
brator 25 to such an extent that the resultant contraction 
of the pressure generating chamber 31 fails to eject an 

. ink drop. The filling wave element deforms the piezoe- 
lectric vibrator 25 such an extent as to expand the pres- 

^ sure generating chamber 31 and to fill ink into the same. 

" The ejection wave element deforms the piezoelectric vi- 
brator 25 to abmptly contract the pressure generating 
chamber 31 to eject an ink drop through the nozzle ori- 
fice 13. The damp wave element damps a fluctuation of 
the meniscus in the nozzle orifice, which last immedi- 
ately after the ink drop ejectkxi, and terminates them for 
a short time. The "meniscus" means a curved surface 
(free surface) of a column of ink in the nozzle orifice 1 3. 



[0082] In the waveform of the drive signal shown in 
Fig. 4(a), one wave element ranges from PI to P10', and 
another wave element ranges from P1 2' to P24. A con- 
' nectkxi element ranges from P10' to P12*. A waveform 

5 segment ranging from PI to P2' of the wave element is 
a contraction wave element; a waveform segment from 
P2' to P5 is a first filling wave element; a waveform seg- 
ment from P5 to P9 is a first ejection wave element; a 
waveform segment from P9 to PIC is a first damp wave 

10 element; a waveform segment from P1 2' to P 1 5 is a sec- 
ond filling wave element; a waveform segment from PI 5 
to PI 7 is a second ejection wave element; a waveform 
segment from PI 7 to PIS is a second damp wave ele- 
ment; a waveform segment from PIS' to P21 is a third 

'5 filling wave element; a waveform segment from P21 to 
P23 is a third ejection wave element; and a waveform 
segment from P23 to P24 is a third damp wave element. 
[0083] A wave segment between P2' to P 3 is a con- 
nection end in the first filling wave element: a wave seg- 

20 ment between PI 0 to PI 0' is a connect kxi end in the 
first damp wave element; a wave segment between Pi 2' 
to PI 3 is a connection end in the second filling wave 
element; a wave segment P18 to P18* is a connection 
end in the second damp wave element; and a wave seg- 

25 ment P18' to PI 9 is a connection end in the third filling 
wave element. 

[0084] The drive pulse generator properly combines 
those Wave elements, viz., the contraction wave ele- 
ment, the filling wave element, the ejection wave ele- 
30 ment, and the damp wave element, to form a plurality 
kinds of drive pulses. 

[0085] The connection element connects an end point 
P10' of the first damp wave element and a start point 
PI 2* of the second filling wave element. In other words, 
35 the connectton element couples a medium voltage VM 
at the end point PI 0' of the first damp wave element and 
a highest voltage VH at the start point PI 2* of the second 
filling wave element. 

[0086] The wave element (PI to PIC, PI 2 to P24) of 

40 the drive signal is a signal element supplied to the pie- 
zoelectric vibrator 25. Therefore, it is configured in con- 
sideratk>n with a response characteristic erf the piezoe- 
lectrk: vibrator 25 and an ink state in the pressure gen- 
erating chamber 31 . Precisely, gradient and timing of 

45 voltage variation of the wave element are limited in their 
selection. More precisely, it is necessary to set the volt- 
age variation gradient at a predetermined level or small- 
er, and the voltage variatk>n timing at a predetermined 
timing suited to an ink ejection. 

so [0087] If the voftage variatbn gradient is too sharp, 
the vibration of the piezoelectrk; vibrator 25 fails to follow 
a voltage-vibration of the wave element, and eject k>n of 
an ink drop of a desired volume fails. In this case, even 
if the piezoelectric vibrator 25 can vibrate foltetwing the 

55 voltage variatkxi. the pressure generating chamber 31 
is abruptly expanded to possibly cause a cavitatkxi with- 
in the pressure gen rating chamber 31 . With the pres- 
ence of the cavitation, the ink volume of the ink drop will 
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bis unstable. Further, the vibration plate 37 is subjected 
to an excessive mechanical stress, and in an extrenne 
case, the vibration plate 37 will be broken. 
[0088] The voltage variation timing follows. In an ink 
ejection nr>ode. called "pull and shoot" mode, in which ^ 
an ink drop is jetted or shot in a manner that the pressure 
generating chamber 31 is expanded and then it is con- 
tracted, the contractbn of the pressure generating 
chamber 31 is timed depending on a state of ink flowing 
from the ink reservoir 33 to the pressure generating io 
chamber 31 ; the pressure generating chamber 31 is 
contracted when a state of ink within the pressure gen- 
erating chamber 31 is varied to be suitable for ink drop 
ejection. 

[0089] More precisely, the pressure generating cham- '5 
ber 31 is contracted at the generation of a pressure 
wave. The pressure wave, which has the opposite di- 
rection (i.e.. ink ejection direction) to the ink flowing di- 
rection, is generated when the pressure generating 
chamber 31 is expanded to set up a negative pressure 20 
therein, and ink flows into the pressure generating 
chamber 31. If the contraction timing of the pressure 
generating chamber 31 is so selected, the ink drop can 
be jetted in the optimum condition. If the pressure gen- 
erating chamber 31 is contracted at a timing improper 2S 
to the ink drop ejection, for example, a timing out of the 
generation of the pressure wave of the opposite direc- 
tion, the size of the ink drops jetted are not uniform, re- 
sulting in print quality degradation. 

[0090] In the embodiment under discussbn, the dif- 30 
ferent voltage levels of the different wave elements are 
mutually coupled by the connection element. With this, 
if the number of wave elements that may be contained 
in the drive signal is increased when comparing with the 
conventional one. those wave elements noay be put 3$ 
within the print period T 

[0091] As recalled, the connectk>n element is unable 
to defomi the piezoelectric vibrator (pressure generat- 
ing element) 25. Therefore, the voltage variation gradi- 
ent may be set to be large, viz. . the voltage may be var- ^ 
led sharply. Where the voltage variation gradient Is 
large, the perkxJ Ts required for the connection element 
may be short. The fact implies that an extremely short 
time is required for mutually coupling the wave elements 
which are different in voltage levels at their connection ^ 
ends, for example, the first damp wave element and the 
second filling wave element. In connection with the volt- 
age-gradient portbn (P1 1 to PI 2), the time period of that 
portkxi is not longer than that of the voltage-gradient 
portion (for example, P5 to P6. P1 5 to PI 6) of the wave bo 
element for defomriing the piezoelectric vibrator 25. 
[0092] As seen from the above descriptkxi, one print 
period T limited in its length by a printing speed of the 
recording apparatus may contain an increased number 
of the wave lements of whteh the gradient and the tim- bs 
ing of the voltage variation are determined in connectk>n 
with th piezoelectric vBarator 25, 
[0093] The tact implies that the volume of one ink drop 
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may be varied over a broad range if the wave elements 
are property configured; a selection freedom of the wave 
elements is increased. Therefore, a drive pulse for caus- 
ing the ejectbn of an ink drop having an extremely small 
ink volume and another drive pulse for causing the ejec- 
tion of an ink drop having a large ink volume can be pro- 
duced by use of one drive signal. 
[0094] It is noted that the start part PIC to P11 and 
the end part P12 to P12' of the connection end of the 
connection element are not varied in voltage level. Pro- 
vision of the fixed voltage segments in the waveform of 
the drive signal accrues to the foltowing merits. In con- 
necting the wave elements, a switching time of the 
switch circuit 24 can be secured to provide an ease con- 
nection of the wave elements. No voltage difference is 
present between the wave elements to be connected, 
and hence no rush current flows into the joint portwn of 
the wave elements. Presence of no rush current leads 
to no damage of circuit elements, e.g., transistors, of the 
switch circuit 24. A preferable time length of the fixed 
voltage segment is 2 ^is or tonger. 
[0095] To generate a small-dot drive pulse (Fig. 5) 
from the drive signal, the drive pulse generator selects 
the contraction wave element (PI to P2'). the first filling 
wave element (P2' to P5). the first ejection wave ele- 
ment (P5 to P9). and the first damp wave element (P9 
to PIC) from among those wave elements, and con- 
nects them time sequentially. 

[0096] To generate a medium-dot drive pulse from the 
drive signal, the drive pulse generator selects the con- 
traction wave element, the second filling wave element 
(P12' to P15), the second ejection wave element (PI 5 
to P17), and the second damp wave element (PI 7 to 
PI 8'). and connects them time sequentially. 
[0097] To generate a large-dot drive pulse, the drive 
pulse generator selects the contraction wave element, 
the second filling wave element, the second ejection 
wave element, the second damp wave element, the third 
filling wave element (P18' to P21), the third ejection 
wave element (P21 to P23), and the third damp wave 
element (P23 to P24), and time-sequentially connects 
them into a single waveform. 

[0098] Print data of 5 bits is used for the selection and 
connection of the wave elements by the drive pulse gen- 
erator. For this reason, in the embodiment, the drive sig- 
nal is divkied into a first wave element (PI to P2') rang- 
ing over a period T1, a second wave element (P2' to 
PIC) ranging over a perkxJ T2, a third wave element 
(PI 2' to PI 8') over a period T3. and a fourth wave ele- 
ment (PIS' to P24) over a period T4. 
[0099] To generate a small-dot drive pulse, the drive 
pulse generator receives print data '11000" (Fig. 4(c)). 
and tums on the switch circuit 24 during the periods T1 
and T2, and selectively applies the first wave element 
and the second wave element to the piezoelectrc vibra- 
tor 25. To generate a medium-dot drive pulse, the drive 
puis generator receives print data ' 10010", and tums 
on the switch circuit 24 during the perkxis T1 and T3, 
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and selectively applies the first wave element and the 
third wave element to the piezoelectric vibrator 25. To 
generate a large-dot drive pulse, the drive pulse gener- 
ator receives print data "1 001 1 and turns on the switch 
circuit 24 during the periods T1, T3 and T4, and selec- 
tively applies the first, third and fourth wave elements to 
the piezoelectric vibrator 25. 

[0100] To eject no ink drop, print data •00000" is ap- 
plied to the drive pulse generator, and the switch circuit 

24 remains off. The relationship between the print data 
and the connection states of the switch circuit will be 
described in detail later. 

[01 01 ] The thus composed waveform of the small-dot 
drive pulse is configured as shown in Fig. 5. The voltage 
of drive pulse is increased from the medium voltage VI^ 
to the highest voltage VH (PI to P2) at a gradient 61. 
The peak voltage VH is held tor a predetermined time 
period (P2 to P3). The voltage oft the pulse is decreased 
from the highest voltage VH to a lowest voltage VL at a 
gradient 02 (P3 to P4)- The voltage of the pulse Is in- 
creased from the bwest voltage VL to the highest volt- 
age VH at a large gradient 65 (P5 to P6). The voltage 
of the pulse is decreased to a second medium voltage 
VM2, which is a voltage (value) between the medium 
voltage VM and the lowest voltage VL (P7 to PB). The 
second medium voltage VM2 is held for a predeter- 
mined time period ((P8 to P9), and it is Increased to the 
medium voltage VM at a gradient 64 (P9 to P10). 
[0102] Those gradients 61 , 62 and 64 of the small-dot 
drive pulse are selected so as not to cause the ejection 
of an ink drop. 

[0103] When receiving the small-dot drive pulse, the 
piezoelectric vibrator 25 is charged and discharged to 
. be deformed. A deformation of the piezoelectric vibrator 

25 changes the volume of the pressure generating 
chamber 31. 

[0104] The piezoelectric vibrator 25 is charged while 
increasing the voltage level of the pulse from the medi- 
um voltage VM. VSflth progress of the charging, the vol- 
ume of the pressure generating chamber 31 gradually 
decreases from the reference volume (set at the medi- 
um voltage VM). The pressure generating chamber 31 
maintains its volume defined by the highest voltage VH 
tor a predetemiined time perkxJ. As the discharging of 
the piezoelectric vibrator 25 progresses, the volume of 
the pressure generating chamber 31 expands up to the 
maximum volume defined by the lowest voltage VL (PI 
to P5). 

[0105] Subsequently, the pressure generating cham- 
ber 31 is abruptly contracted from the maximum volume 
to the minimum volume {P5 to P6). By the abrupt change 
of the pressure generating chamber volume, an ink 
pressure within the pressure generating chamber 31 is 
increased, and an ink drop is jetted from the nozzle or- 
ifice 1 3. In this instance, the time of holding th lowest 
voltage VL is xtremely short. Therefor , the pressure 
generating chamber 31 quickly expands (P7 to P8). With 
the quick expansion of the pressure generating cham- 



ber 31 , the volume of an ink drop jetted from the nozzle 
orifice 13 is extremely snr^ll. 

[01 06] After the expansbn of the pressure generating 
chamber 31. the pressure generating chamber 31 is 
s contracted to return its volume to the reference one so 
as to damp a fluctuation of the meniscus for a short time 
(P8 toPIO). 

[0107] The composed waveform of the medium-dot 
pulse is configured in the following fashion. The voltage 

10 level of the medium-dot pulse is increased from the me- 
dium voltage VM to the highest voltage VH at a gradient 
61 (PI to P2). The highest voltage VH is held for a pre- 
determined time perkxi (PI 2 to PI 3). Then, the pulse 
voltage is decreased from the highest voltage VH to the 

IS lowest voltage VL to fill ink into the pressure generating 
chamber 31 (P13 to PI 4). After the ink charging, the 
pulse voltage is abruptly increased to the highest volt- 
age VH at a gradient 66, so that the pressure generating 
chamber 31 is abruptly contracted to discharge an ink 

^ drop (PI 5 to PI 6). Thereafter, the highest voltage VH is 
held for a predetermined time period (PI 6 to PI 7), and 
then the pulse voltage is decreased to the medium volt- 
age VM (F1 7 to PI 8). 

[01 08] In the waveform of the medium-dot drive pulse, 
25 the pulse voltage is kept at the highest voltage VH for 
the period from PI 6 to PI 7, and then the pressure gen- 
erating chamber 31 is expanded. Therefore, the volume 
of an ink drop discharged through the nozzle orifice 13 
can be adjusted, by controlling the VH holding time, to 
30 be suited to the medium-dot size. 

[0109] A configuration of the composed waveform of 
the large-dot pulse will be described. As seen from Fig. 
5, in the waveform of the large-dot pulse, a specifically 
configured waveform is additionally connected to the tail 
35 of the waveform of the medium-dot pulse (PI to P18). 
Following the trailing end (PI 8) of the medium-dot 
pulse, the pulse voltage is decreased from the medium 
voltage VM to the towest voltage VL at a gradient 67 
(PI 9 to P20) to fill ink into the pressure generating 
40 chamber. After the hk charging, the pulse voltage is in- 
creased up to the highest voltage VH at a gradient 68, 
so that the pressure generating chamber 31 is abruptly 
contracted to discharge an ink drop (P21 to P22). There- 
after, the highest voltage VH is held for a predetermined 
45 time period (P22 to P23), and is decreased to the me- 
dium voltage VM (P23 to P24). 
[0110] When the large-dot pulse thus configured in its 
waveform is applied to the piezoelectric vibrator 25, a 
first region (PI to PI 8) of the waveform of the large-dot 
so pulse, which corresponds to the wavefomn of the medi- 
um-dot pulse, causes the pressure generating chamber 
31 to eject a first inkdrop. and a second region foltowing 
the first regkxi causes the pressure generating chamber 
31 to eject a second ink drop. The first and second ink 
55 drops are merged into a large ink drop. 

[0111] As described above, in the embodiment, the 
drive signal is formed with wave elements capable of 
operating the-piezoelectrkj vibrator 25 and connection 
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elements incapable of operating the same. The wave 
elements at different voltage levels are connected by the 
connection element. The drive pulse generator is capa- 
ble of composing the wave elements property selected 
into a plurality of drive pulses of different waveforms. 
Therefore, an increased number of wave elements can 
be composed into a single drive signal within one print 
period. 

[01 12] A range within which the size of an ink drop can 
be varied may be broadened when comparing with the 
conventional one, if the wave elements are properly se- 
lected. Therefore, the recording apparatus constructed 
according to the present invention can eject ink drops 
of various volumes at high printing speed. 
[0113] A procedure for supplying the print data to gen- 
erate drive pulses to the piezoelectric vibrator 25 will be 
described. 

[0114] The control unit 6 translates a gradation value 
of 2 bits in the intennediate code data into print data of 
5 bits (D1 , D2. D3. D4 and D5). and stores the resultant 
data into the output buffer 4c. 

[01 1 5] When those print data are transferred to the re- 
cording head 8, print data corresponding to the first 
wave element for all the nozzle orifices 1 3 are loaded 
into the selection signal generating section 22 immedi- 
ately before the timing of selecting the first wave ele- 
ment (Fig. 4(a)). The print data is loaded into the regis- 
ters during the period T4, for example, in the preceding 
print period. After the print data D1 is loaded into the 
registers, the control unit 6 outputs a latch signal syn- 
chronously with the first wave element generation tim- 
ing. 

[0116] In response to the latch signal, the selection 
signal generating sectk>n 22 generates a selection sig- 
nal in association with the print data of "1 \ The selection 
signal is increased in voltage level by the level shifter 

23, and the increased one is applied to the switch circuit 

24. Then, the applicable switch circuit elements 24a to 
24n are tumed on to allow the first wave element of the 
drive signal to be input to the associated piezoelectric 
vibrator elements 25a to 25n. 

[0117] During the first-wave-element supplying period 
T1 , the print data corresponding to the second wave el- 
ement for alt the nozzle orifices 1 3 are toaded into the 
selection signal generating section 22, At the temnina- 
tion of the period T1, the control unit 6 outputs a latch 
signal . Thereby the second wave element is applied to 
the piezoelectric vibrator element 25 corresponding to 
the print data of "1 With respect to the connection el- 
ement, the third wave element and the fourth wave ele- 
ment, similar processes are corKfucted. 
[0118] Following completion of the processing of the 
fourth wave element, the printing operation of one dot 
for all the nozzle orifices 1 3 ends. Upon completion of 
one-dot printing, the recording apparatus performs the 
processing of the next dot for printing, and then repeats 
similar processing operations for the subsequent dots 
for printing. 



[0119] In the first embodiment mentioned above, the 
second ejection wave element for the ejection of an ink 
drop to form ajarge dot is located within the period T3. 
and the third ejection wave element is disposed within 

s the period T4- Both the wave elements are located close 
to each other on the time axis, 
[0120] Therefore, there is a danger that the ink drop 
ejection caused by the second ejection wave element 
adversely affects the ink drop ejection by the third ejec- 

10 tion wave element. If so. the volume of the ink drop jetted 
by the third ejection wave element will be unstable. An 
ink jet recording apparatus designed for solving this 
problem will be described. This ink jet recording appa- 
ratus constitutes a second embodiment o1 the present 

'5 invention. 

[0121] Fig. 6 is a waveform diagram showing one ex- 
ample of the waveforms of a drive signal and a drive 
pulses according to the second embodiment of the 
present invention. The waveform configurations of other 
20 signals than the drive signal are the same as those in 
the first embodiment, and no explanation of them will be 
given. 

[0122] In the illustrated drive signal, a wavefomn seg- 
ment within the period T1 (P31 to P32) is a first wave 

2S element; a waveform segment within the period T2 (P32 
to P35) is a second wave element; a waveform segment 
within the period T3 (P36 to P39) is a third wave ele- 
ment; a waveform segment within the period T4 (P39 to 
P42) is a fourth wave element; and a waveform segment 

30 within the period TS (P35 to P36) is a connection ele- 
ment incapable of driving the piezoelectric vibrator 25. 
As seen, also in this embodiment, the connection ele- 
ment interconnects the wave elements of different volt- 
age levels. With use of the connection element, an in- 

35 creased number of wave elements may be confined 
within the limited print period T 
[0123] In the embodiment, the first wave element 
(P31 to P32) is the same as the first wave element (PI 
to P2') in the first embodiment, and contains a contrac- 

40 tion wave element. The second wave element (P32 to 
P35) is the same as the third wave element (P12' to 
P18') in the first embodiment, and contains an ejection 
wave element (P33 to P34) for ejecting a medium-dot 
ink drop. The third wave element (P36 to P39) is the 

45 same as the second wave element (P2* to P10') in the 
first embodirnent, and contains an ejection wave ele- 
ment (P37 to P38) for ejecting a small-dot ink drop. The 
fourth wave element (P39 to P42) is the same as the 
fourth wave element (P18' to P24*) in the first embodi- 

50 ment, and contains an ejection wave element (P40 to 
P41) for ejecting a large-dot ink drop. 
[0124] To generate a small-dot drive pulse from the 
drive signal thus waveshaped, the drive pulse generator 
(selection signal generating section 22, level shifter 23 

5S and switch circuit 24) selects the first wave element and 
the third wave element and composes them into a single 
wavefomn. Specifically, the drive pulse generator se- 
lects those wave elem nts in accordance with the print 
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data of 'lOOlO". To generate a nnedium-<Jot drive pulse, 
the drive pulse generator selects the first wave element 
and the second wave element in accordance with the 
print data of "11000", and composes them into a single 
waveform. To generate a large<iot drive pulse, the drive 
pulse generator selects the first, second and fourth 
wave elements in accordance with the print data of 
■11001". and composes them into a single waveform. 
[0125] The large-dot drive pulse thus composed con- 
tains two ejection wave elements, a first ejection wave 
element (P33 to P34, corresponds to the first large-dot 
ejection wave element), and a second ejection wave el- 
ement (P40 to P41 , corresponds to the second large- 
dot ejection wave element). The small-dot drive pulse 
thus composed contains an ejection wave elements 
(P37 to P38. corresponds to the another dot ejection 
wave element). 

[0126] In the waveform of the drive signal, the ejection 
wave element of the small-dot drive pulse is located be- 
tween the first and second wave elements of the large- 
dot drive pulse. 

[0127] Where the thus waveshaped drive signal is 
used, a time interval from the ejection of the first ink drop 
to the ejection of the second ink drop, both being caused 
by the large-dot drive pulse, may be set to be relatively 
long. In other words, the first ink drop is jetted and its 
ink state is stabilized, and then the second ink drop is 
jetted. Therefore, the volume of the second ink drop is 
stabilized, leading to improvement of the print quality. 
[01 28] I n the first and second embodiments, the con- 
nection element is used for connecting the damp wave 
element and the filling wave element. However, the con- 
nection element may be used for interconnecting the 
ejectkxi wave elements. The drive signal is designed so 
as to realize such use of the connection element In a 
third embodiment of the present invention. 
[0129] Fig. 7 is a waveform diagram showing one ex- 
ample of the waveforms of a drive signal and a drive 
pulses according to the third embodiment of the present 
invent kxi. The waveform configuratkxis of other signals 
than the drive signal are the same as those in the first 
embodiment, and no explanation of them will be given. 
[01 30] I n the illustrated drive signal, a waveform seg- 
ment within the period T1 (P51 to P52) is a first wave 
element; a waveform segment within the period T2 (P52 
to P54) is a second wave element; a waveform segment 
within the period T3 (P55 to P57) is a third wave ele- 
ment; a wavefomn segment within the perkxJ T4 (P57 to 
P60) is a fourth wave element; a waveform segment 
within the perkxJ T5 (P60 to P62) is a fifth wave element; 
and a waveform segment within the period TS (P54 to 
P55) is a connection element incapable of driving the 
piezoelectric vibrator 25. 

[0131] The drive signal (waveform) of the third em- 
bodiment is designed such that rt abruptly expands the 
pressure generating chamber 31 being compressed to 
eject an ink drop of an extremely small volume. The 
highest voltage VH is applied to the piezoelectric vibra- 
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tor 25 to bend toward the pressure generating cf^mber 
31 . As a result, a contraction state is set up in the pres- 
sure generating chamber 31 . Then, the drive pulse volt- 
age is abruptly decreased up to the lowest voltage VL 
5 to deform the piezoelectric vibrator 25 in the opposite 
direction. By the deformation, the pressure generating 
chamber 31 is abruptly expanded. 
[01 32] In this manner, a negative pressure is abruptly 
set up within the pressure generating chamber 31 , and 
10 the meniscus in the nozzle is rapidly pulled into the pres- 
sure generating chamber 31 . With the movement of the 
meniscus, an extremely small ink drop is separated from 
the center of the meniscus, is moved in the direction op- 
posite to the inside of the pressure generating chamber 
^5 31 , and is discharged through the nozzle orifice 1 3. 
[01 33] In the drive signal, a wavetomn segment rang- 
ing from P51 to P52 is a contraction wave element; a 
waveform segment ranging from P52 to P54 is a first 
ejection wave element; a wavefomi segment ranging 
from P55 to P57 is a second ejection wave element; a 
waveform segment ranging from P58 to P59 is a third 
ejection wave element; and a waveform segment rang- 
ing from P59 to P62 is a damp wave element. 
[0134] A connection element (P54 to P55) intercon- 
nects the first and second ejection wave elements. The 
drive pulse generator (selection signal generating sec- 
tion 22, level shifter 23 and switch circuit 24) properly 
selects those wave elements and composes them into 
a single waveform. In this way, the drive pulse generator 
may generate a plurality kinds of drive pulses. 
[0135] To generate a small-dot drive pulse from the 
drive signal thus waveshaped, the drive pulse generator 
turns on the switch circuit 24 during the periods T1 , T2 
and T5, and sends the first, second and fifth wave ele- 
ments to the piezoelectric vibrator 25. To generate a me- 
dium-dot drive pulse from the drive signal thus wave- 
shaped, the drive pulse generator turns on the switch 
circuit 24 during the perkxJs T1, T3 and T5, and sends 
the first, third and fifth wave elements to the piezoelec- 
tric vibrator 25. To generate a large-dot drive pulse from 
the drive signal thus waveshaped, the drive pulse gen- 
erator turns on the switch circuit 24 during the perkxis 
T1 , T3, T4 and T5, and sends the first, third, fourth and 
fifth wave elements to the piezoelectric vibrator 25. 
[0136] In the thifd embodiment, print data of 6 bits is 
used for the selection and connection of the wave ele- 
ments by the drive pulse generator. To generate a small- 
dot drive pulse of "110001" is used, and the wave ele- 
ments located in the periods T1 , T2 and T5 are supplied 
to the piezoelectrk; vibrator 25. To generate a medium- 
dot drive pulse, the print data of "100101" is used, and 
the wave elements in the periods T1 , T3 and T5 are sup- 
plied to the piezoelectric vibrator 25. To generate a 
large-dot drive pulse, the print data of "100111" is used, 
and the wave elements in the periods Tl , T3, T4 and T5 
are supplied to the piezoelectric vibrator 25. 
[0137] Theconnectbnelem nt (P54 to P55) intercon- 
nects the first and second ejectbn wave elements (P52 
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to P54. P55 to P57)- Therefore, a time interval between 
the ejection wave elements may be reduced; an in- 
creased number of ejection wave elements may be con- 
tained in the drive signal within a limited print period T; 
and a number of different drive pulses can be produced s 
from one drive signal. 

[01 38] The time interval between the ejection wave el- 
ements may be adjusted by use of the connection ele- 
ment. Therefore, the ink drop ejection timing may be ad- 
justed in micro dimension steps, and hence an incorrect io 
landing position of the ink drop on the printing medium 
is lessened. 

[0139] In the third embodiment, the identical contrac- 
tion wave element (P51 to P52) is used by both the first 
and second wave elements. In other words, the contrac- 
tion wave element and the fist ejection wave element 
are composed to form a first drive pulse, and the con- 
traction wave element and the second ejection wave el- 
ement are composed to from a second drive pulse. 
[01 40] In the waveform of the drive signal, the size of 20 
the ink drop can be adjusted by use of a time inten/al 
between the contract kxi wave element and the ejection 
wave element. The time interval can be adjusted by use 
of an variation gradient of the connection element and 
a waveform flat segment. Therefore, the size of the ink 25 
drop can be adjusted in microscopic level. The result is 
further improvement of the print quality. 
[0141] The technical concept of the third embodiment 
is also valid in such a case where the filling wave ele- 
ment is used in place of the contraction wave element. 30 
and a plurality of drive pulses are generated at the tim- 
ings of selecting the ejection wave element and the fill- 
ing wave element. 

[01 42] The drive signal contains a plurality of ejectksn 
wave elements capable of driving the piezoelectric vi- 3S 
brator 25 to eject ink drops at different time points. Spe- 
cifically, the drive signal contains a first ejectkjn wave 
element (P53 to P54), a second ejection wave element 
(P56 to P57), and a third ejection wave element (P58 to 
P59). ^ 
[01 43] The drive pulse generator generates a plurality 
of drive pulses such that a small-dot ink drop is jetted 
earlier than a large-dot ink drop. When a small-dot drive 
pulse for ejecting a small ink drop is compared with a 
medium-dot drive pulse, the ejection wave element (P53 45 
to P54) for the small-dot drive pulse appears before the 
ejection wave element (P56 to P57) for the medium-dot 
drive pulse appears. 

[0144] The smaller the volume of the ink drop is, the 
earlier the in k drop is jetted. A fly ing velocity of an jetted so 
ink drop somewhat depends on the size of the ink drop. 
The larger the ink drop is, the faster the ink drop flies. 
Therefore, a time from the ejection of the ink drop till it 
lands on a printing medium is also minutely affected by 
thesizeof theinkdrop. Atimetakenforalarg ink drop S5 
to land on the recording paper is short, while a time tak- 
en for a snr^l I ink drop to land on th recording pap ris 
long. 



[0145] Therefore, the landing tinr)e difference resulting 
from ink drop size difference may be reduced by ejecting 
the small ink drop earlier than the large ink drop. Further 
improvement of the print quality results. 
[0146] While in the third embodiment, the connection 
element interconnects the ejection wave elements, the 
filling wave elements may mutually be connected by the 
connection element. A drive signal wave-shaped so as 
to realize this will be discussed in a fourth embodiment 
of the present invention. 

[0147] Fig. 8 is a waveform diagram showing one ex- 
ample of the waveforms of a drive signal and a drive 
pulses according to the fourth embodiment of the 
present invention. The waveform configuratkxis of other 
signals than the drive signal are the same as those in 
the first embodiment, and no explanation of them will be 
given. 

[01 48] In the drive signal shown in Fig. 8, a waveform 
segment within the period T1 {P71 to P72) is a first wave 
element; a waveform segment within the period T2 (P72 
to P74) is a second wave element; a waveform segment 
within the period T3 (P75 to P76) is a third wave ele- 
ment; a waveform segment within the period T4 (P77 to 
P78) is a fourth wave element; a waveform segment 
within the period T5 (P78 to P81 ) is a fifth wave element; 
a waveform segment within a period TS1 (P74 to P75) 
is a first connect bn element; and a waveform segment 
within a period TS2 (P76to P77) is a second connection 
element, 

[01 49] The drive signal of the fourth embodiment con- 
tains a plurality of filling wave elements and one ejection 
wave element. The volume of an ink drop to be jetted 
may be changed by property combining those wave el- 
ements. In other words, a plurality of filling wave ele- 
ments for causing different ink charge states are provid- 
ed, and those wave elements are property combined to 
adjust the volume of the ink drop. 
[01 50] In the waveform of the drive signal, a waveform 
segment from P71 to P72 is a contraction wave element; 
a waveform segment from P72 to P74 is a first filling 
wave element; a waveform segment from P75 to P76 is 
a second filling wave element; a wavefomi segment 
from P77 to P78 is a third filling wave element; a wave- 
form segment from P79 to P80 is an ejectbn wave ele- 
ment; and a waveform segment from P80 to P81 is a 
damp wave element. 

[0151] The first connection element (P74 to P75) con- 
nects the first and second filling wave elements, and the 
second connection element (P76 to P77) connects the 
second and third filling wave elements. 
[0152] Since a plurality of filling wave elements are 
connected together by use of the connection element, 
intervals therebetween can be shortened. Therefore, an 
increased number of filling wave elements may be 
packed into the drive signal within one print perkxi. 
[0153] The drive pulse generator (selectkxi signal 
generating section 22, level shifter 23 and switch circuit 
24) property selects those wave elements and compos- 
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es them into a single wavelonm. In this way, the drive 
pulse generator may generate a plurality kinds ot drive 
pulses. 

[0154] To generate a small-<Jot drive pulse from the 
drive signal thus waveshaped. the drive pulse generator 
turns on the switch circuit 24 during the periods T1, T4 
and T5; selects the first, fourth and fifth wave elements; 
composes them into a snr^ll-dot drive pulse containing 
the contraction wave element and the third filling wave 
element, both being time sequentially coupled; and 
transfers the drive pulse to the piezoelectric vibrator 25. 
[0155] To generate a medium-dot drive pulse, the 
drive pulse generator turns on the switch circuit 24 dur- 
ing the periods T1 . T3 and T5; selects the first, third and 
fifth wave elements; composes them into a medium-dot 
drive pulse containing the contraction wave element and 
the second filling wave element, both being time se- 
quentially coupled; and transfers the drive pulse to the 
piezoelectric vibrator 25. 

[0156] To generate a large<iot drive pulse, the drive 
pulse generator turns on the switch circuit 24 during the 
periods T1 , T2 and T5; selects the first, second and fifth 
wave elements; composes them into a large-dot drive 
pulse containing the contraction wave element and the 
first filling wave element, both being time sequentially 
coupled; and transfers the drive pulse to the piezoelec- 
tric vibrator 25. 

[0157] Also in the fourth embodiment, print data of 7 
bits is used for the selection and connection of the wave 
elements by the drive pulse generator. To generate a 
small-dot drive pulse of "1 00001 1 ' is used, and the wave 
elements in the periods T1, T4 and T5 are supplied to 
the piezoelectric vibrator 25. To generate a medium-dot 
drive pulse, the print data of "1001001" is used, and the 
wave elements in the periods T1 . T3 and T5 are supplied 
to the piezoelectric vibrator 25. To generate a large<lot 
drive pulse, the print data of "1 100001 ' is used, and the 
wave elements in the periods T1 , T2 and T5 are supplied 
to the piezoelectric vibrator 25. 
[01 58] In the fourth emlxxiiment, the Identical ejection 
wave elements are used lor ejecting an ink drop. There- 
fgre, the size of the Ink drop may be determined by use 
of one filling wave element selected from annong the first 
to third filling wave elements (P72 to P74, P75 to P76. 
P77 to P78). This contributes to simplification of the con- 
trol. 

[01 59] Ink drops of different volumes are jetted by use 
of the Identrcal eject k>n wave elements. This also con- 
tributes to simplification ot the control. 
[0160] Therefore, an ink-volume variable range nnay 
be broadened while securing high printing speed. 
[01 61 ] A fifth embodiment of the present invention will 
be described. In this embodiment, it is configured that 
the pressure generating chamber 31 of the reference 
volume is expanded; the expanded pr ssure generating 
chamber is held for a predetermined time period; the ex- 
panded pressure generating chamber is further expand- 
ed; and the further expanded pressure generating 



chamber is contracted to eject an ink drop. 
[0162] A waveform of the drive signal shown in Fig. 9 
is capable of ejecting ink drops of different volumes, a 
large ink drop and a medium ink drop through the same 

s nozzle orifice 1 3. 

[0163] The waveform configurations of other signals 
than the drive signal are the same as those in the first 
embodiment, and no explanation of them will be given. 
[01 64] In the waveform of the drive signal, a waveform 

10 segment kx;ated in the period T1 (P91 to P97) is a first 
wave element, and a waveform segment located in the 
period T2 (P97 to P 106) is a second wave element. 
[0165] The first wave element contains a filling wave 
element (P91 to P93, corresponds to the second filling 

15 wave element) capable of deforming the piezoelectric 
vibrator 25 so as to fiil ink into the pressure generating 
chamber 31 , an ejection wave element (P93 to P95, cor- 
responds to the second ejection wave element) capable 
of deforming the piezoelectric vibrator 25 so as to eject 

20 an ink drop through the nozzle orifice 13, and a damp 
wave element (P95 to P96) for damping a fluctuation of 
the meniscus immediately after the ejectbn of the ink 
drop. 

[0166] The start point (P91) and the end point (P97) 

25 of the first wave element are set at the medium voltage 
VM. The start point (P97) and the end point (PI 06) of 
the second wave element are also set at the medium 
voltage Vf^. Since the start and end points of a plurality 
of wave elements are set at the medium voltage VM. 

30 those wave elements may be coupled smoothly. 

[01 67] The second wave element contains an expan- 
sion wave element (P98 to PI 00) which slightly expands 
the pressure generating chamber 31 of the reference 
volume set at the medium voltage VM, charges a slight 

35 amount of ink into the pressure generating chamber, 
and maintains this state of the pressure generating 
chamber, a filling wave element (P100 to P102, corre- 
sponds to the first filling wave element) for charging ink 
into the pressure generating chamber 31, an ejectk>n 

^ wave element (P102 to P104, corresponds to the first 
ejection wave element) capable of ejecting an ink drop 
through the nozzle orifice 1 3, and a damp wave element 
for damping a fluctuation of the meniscus immediately 
after the Ink drop ejectkxi. 

45 [0168] A hold time for hokJing the expanded pressure 
generating chamber 31, viz., a supply time To of an ex- 
pansion hold wave element (P99 to PI 00), is provided 
in the expanskxi wave element of the second wave el- 
ement. It is preferable that the hold time is long such an 

so extent that a fluctuation of the meniscus, caused when 
the piezoelectric vibrator 25 is deformed so as to expand 
the pressure generating chamber 31 , is settled down to 
be in an ordinary state. 

[0169] The hold time is preferably longer than the pe- 
ss nod of a natural frequency of the pressure generating 
chamber 31 , more preferably at least two times the nat- 
ural frequ ncy p nod. Here, the natural frequency peri- 
od of the pressure generating chamber 31 is the period 
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(approximately 8 to 10 yisec.) of a natural frequency of 
a meniscus proper to each type of recording head 8. de- 
termined by the capacity and dimensions of the pres- 
sure generating chamber 31. 

[0170] The drive pulse generator (selection signal s 
generating section 22, level shifter 23 and switch circuit 
24) properly generates one drive pulse from the drive 
signal. To process the drive signal to form a medium-dot 
drive pulse for ejecting a medium ink drop (corresponds 
to a second drive pulse of the present invention), as io 
shown in Fig. 10, the drive pulse generator selects the 
first wave element (P91 to P97). To generate a targe- 
dot drive pulse for ejecting a large ink drop (corresponds 
to a first drive pulse in the present inventkjn), the drive 
pulse generator selects the-second wave element (P98 '5 
toP106). 

[0171] In the fifth embodiment, 2-bit print data is used 
for selecting the wave element. For this reason, a wave- 
form of the drive signal is divided into two sections, a 
first wave element (P91 to P97) kx:ated in a first period 20 
T1 and a second wave element (P97 to PI 06) located 
in a second period T2. To generate a medium-dot drive 
pulse, the print data of "10" turps on the switch circuit 
24 during the perkxj T1. which in turn altows the first 
wave element to be input to the piezoelectric vibrator 
25. To generate a large-dot drive pulse, the print data of 
"01 ■ turns on the switch circuit 24 during the period T2. 
which in turn altows the first wave element to be Input 
to the piezoelectric vibrator 25. In a non-print mode 
where no dot is formed, the print data of "00" turns off 
the switch circuit 24. 

[0172] When the medium-dot drive pulse thus gener- 
ated is supplied to the piezoelectric vibrator 25, an ink 
drop is jetted in the following way. 
[0173] As shown in Fig. 10, at a time point P91 set at 
the medium voltage VM, the piezoelectric vibrator 25 is 
slightly bent toward the pressure generating chamber 
31, and in this state the pressure generating chamber 
31 is slightly contracted. This state is an initial state, and 
the volume of the pressure generating chamber 31 in 
this state is the reference volume. 
[0174] The voltage of the drive signal is decreased 
from the medium voltage VM to the lowest voltage VL 
at a gradient Gil {P91 to P92), and the towest voltage 
VL is held for a predetermined time period (P92 to P93). 
At this time, the piezoelectric vibrator 25 deforms with 
the decrease of the voltage; the pressure generating 
chamber 31 expands to increase its volume larger than 
the reference volume; and ink is charged into the pres- 
sure generating chamber 31 . 

[0175] Then, the lowest voltage VL is abruptly in- 
creased up to the highest voltage VH at a gradient 61 2 
(P93 to P94). At this time, the piezoelectric vibrator 25 
is abruptly deformed, while the pressure generating 
chamber 31 abruptly contracts to reduc the volume 
thereof. The contraction of the pressure generating 
chamber 31 increases an ink pressure within the pr s- 
sure generating chamber to eject an ink drop through 



the nozzle orifice 1 3. 

[0176] The highest voltage VH is held for a predeter- 
mined time period (P94 to P95); then abruptly de- 
creased to the medium voltage VM to expand the pres- 
sure generating chamber 31 till the chamber has the ref- 
erence volume, to thereby damp the fluctuation of the 
meniscus for a short time (P95 to P96), Since the pres- 
sure generating chamber 31 is expanded after the last- 
ing of the highest voltage VH, ink is moved out of the 
nozzle orifice 1 3 to some extent and then is pulled to the 
pressure generating chamber 31 , The volume of the ink 
drop jetted from the nozzle orifice 13 may be adjusted 
by use of a lasting time period (P94 to P95) of the highest 
vottage VH. Therefore, an ink drop having the volume 
suitable for the medium dot can be jetted. 
[0177] When a large -dot drive pulse is applied to the 
piezoelectric vibrator 25, an ink drop is jetted in the fol- 
lowing way. 

[0178] The voltage of the large-dot drive pulse is de- 
creased from the medium voltage VM to a second me- 
dium voltage VML at a gradient 913 (P98 to P99). The 
second medium voltage VML is at a mid level between 
the medium voltage VM and the towest voltage VL The 
second medium voltage VML is held for a predeter- 
mined time period (P99 to PI 00). With defornoation of 
the piezoelectric vibrator 25, the pressure generating 
chamber 31 is slightly expanded to increase its volume 
somewhat larger than the reference volume. A slight 
amount of ink is charged into the pressure generating 
chamber 31. This state of the pressure generating 
chamber 31 is heki for a sufficient long time To at the 
second medium voltage VML. Therefore, the fluctuation 
of the meniscus caused when the pressure generating 
chamber 31 is expanded is settled down satisfactorily. 
[0179] The voltage of the drive signal is decreased 
from the second n>edium voltage VML to the lowest volt- 
age VL at a gradient 014 (P100 to P101). The lowest 
voltage VL is held for a predetermined time pertod (PI 0 1 
to PI 02). At this time, the expanded pressure generat- 
ing chamber 31 is further expanded, and ink is charged 
into the pressure generating chamber 31. Then, the 
drive signal voltage is abruptly increased from the low- 
est voltage VL to the highest voltage VH at a gradient 
615 (P102 to P103). The highest voltage VH is held for 
a predetermined time pertod (P103 to P104). At the ter- 
minatton of the predetermined time period, the drive sig- 
nal voltage is abruptly decreased from the highest volt- 
age VH to the medium voltage VM, and the pressure 
generating chamber 31 resumes its reference volume 
(P 1 04 to PI 05). With the abrupt decrease of the voltage, 
the fluctuating meniscus settles down for a short time. 
At this time, an abrupt defornDation of the piezoelectric 
vibrator 25 causes the pressure generating chamber 31 
to rapidly contract to reduce its volume and an ink drop 
is jetted from the nozzi orifice 1 3. 
[0180] The waveform of the large-dot drive pulse is 
configured such that the pulse voltage is decreased 
from the medium voltag VMtothe second medium volt- 
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age VML, and the voltage VML is held for a predeter- 
mined time period (P98 to PI 00). and the pressure gen- 
erating chamber 31 is further expanded to fill ink into the 
pressure generating chamber 31 (P100 to P102). The 
thus configured waveform lessens a pressure variation 
within the pressure generating chamber 31, and a re- 
traction of the meniscus to the pressure generating 
chamber 31. 

(01 81 ] An amplitude of a pressure variation within the 
pressure generating chamber 31, caused v4ion a large 
ink drop is jetted, is reduced, thereby to suppress an 
excessively increase of the flying velocity of the ink drop. 
The result is to eliminate an Incorrect landing position of 
the ink drop on the printing medium, vrhich arises from 
the ink volume difference of the ink drops. 
[0182] A flying velocity of the ink drop can be adjusted 
by use of a degree of an expansion of the pressure gen- 
erating chamber 31 and a holding time of holding an ex- 
panded state of the pressure generating chamber 31. 
Therefore, the flying velocity of the Ink drop can be ad- 
justed to be suited to the volume of the flying ink drop. 
This feature also eliminates the flying velocity difference 
of the ink drop caused by the ink volume difference. A 
further exact landing of the ink drop on the recording 
paper is secured. 

[0183] Additionally the fifth embodiment does not re- 
quire any complicated operation to merge a plurality of 
fine ink drops, and can form one large dot on the printing 
medium by use of one ink drop, and broaden a dot-di- 
ameter variable range. 

[0184] A sixth embodiment of the present inventbn 
will be described. In this embodiment, one drive pulse 
is divided Into a plurality of wave elements, and another 
drive pulse is located therebetween form a drive signal. 
[0185] A wavefonn of a drive signal shown in Fig. 11 
is also configured so as to eject a large Ink drop and a 
small ink drop through the same nozzle orifice 1 3. The 
waveform configurations of other signals than the drive 
signal are the same as those In the first embodiment, 
and no explanation of them will be given. 
[0188] The drive signal contains a large-dot drive 
pulse for ejecting a large Ink drop and a mediunf>-dot 
drive pulse for ejecting a medium ink drop. The large- 
dot drive pulse corresponds to the first drive pulse, and 
the medium-dot drive pulse corresponds to the second 
drive pulse. 

[0187] A wave element of the large-dot drive pulse is 
divided into two wave elements, which are located in the 
periods T1 and T3. A wave element of the medium-dot 
drive pulse Is located in the period T2. In other words, 
a first wave element located In the period T1 (P111 to 
PI 13) and a second wave element In the period T3 
(PI 28 to PI 35) forming a large-dot drive pulse. A sec- 
ond wave element (P116 to P125) forming the medium-, 
dot drive pulse is disposed in the period T2, which Is 
kxated between the periods T1 and T3. 
[0188}. A first connection element (P1 1 3 to P1 1 6) (Fig. 
/l 1 (b)) occupies a period TS1 , which is kxated between 
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the periods T1 and T2. The connection element con- 
nects the end point (P1 1 3) of the first wave element and 
the start point (P1 16) of the second wave element, those 
points being at different voltage levels. A second con- 
nection element (PI 25 to PI 28) (Fig. 11 (c)) occupies a 
period TS2, which is located between the perkxJs T2 
and T3. The connection element connects the end point 
(PI 25) of the second wave element and the start point 
(PI 28) of the third wave element, those points being at 
different voltage levels. 

[0189] The drive pulse generator (selection signal 
generating section 22, level shifter 23 and switch circuit 
24) receives the print data of ■10001" and selects the 
wave elements in the periods Tl and T3 of the drive sig- 
nal, and composes them into a large-dot drive pulse. 
The drive pulse generator receives the print data of 
■001 00" and selects the second wave element in the pe- 
riod T2 of the drive signal, and generates a medium-dot 
drive pulse. 

[0190] The large-dot drive pulse contains an expan- 
sion wave element (P1 1 1 to PI 1 3. PI 28 to P1 29). a fill- 
ing wave element (P129 to P131. corresponds to the 
first filling wave element), an ejection wave element 
(PI 31 to PI 33, corresponds to the first ejection wave 
element), and a damp wave element (PI 33 to P1 34). In 
the expansion wave element, the medium voltage VM 
descends to the second medium voltage VML, so that 
the pressure generating chamber 31 is somewhat ex- 
panded to charge some amount of ink Into the pressure 
generating chamber 31, and this state of the pressure 
generating chamber is held for a predetermined time pe- 
riod. The filling wave element -further expands the ex- 
panded pressure generating chamber 31 to fill ink to the 
pressure generating chamber. The ejection wave ele- 
ment is provkied for ejecting an ink drop through the 
nozzle orifice 1 3. The damp wave element is for damp- 
ing a fluctuatkxi of the meniscus immediately after the 
ejection. . ^ 
[0191] The medium-dot drive pulse contains a con- / 
tractkxi wave element (P117 to P1 19), a filling wave el- 
ement (P1 19 to PI 21 . corresponds to the second filling 
wave element), an ejection wave element (PI 21 to 
PI 23, corresponds to a second ejection wave element), 
and a damp wave element (PI 23 to PI 24). In the con-, 
traction wave element, the medium voltage VM ascends 
to the highest voltage VH to contract the pressure gen- 
erating chamber 31, and the contracted state of the 
pressure generating chamber Is held for a predeter- 
mined time period. The filling wave element is for ex- 
panding the contracted pressure generating chamber 
31 to fill ink into the pressure generating chamber. The 
ejection wave element is for contracting the expanded 
wave element to eject an ink drop through the nozzle 
orifice 1 3. With use of the damp wave element, the fluc- 
tuation of the meniscus occurring immediately after the 
ink ejection settles down. 

[01 92] When the medium-dot drive puis thus config- 
ured is input to the piezoelectric vibrator 25, an ink drop 
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is jetted in the following way. The voltage of the medium- 
dot drive pulse is increased from the medium voltage 
VM to the highest voltage VH at such a gradient 616 as 
not to eject an ink drop (P11 7 to P11 8). The highest volt- 
age VH is held for a predetermined time period (P118 
to P119). At this time, the pressure generating chamber 
31 of the reference volume contracts to reduce its vol- 
ume, to thereby secure an expansion margin for the next 
expansion of the pressure generating chamber 31 . With 
the time of holding the highest voltage VH, the meniscus 
is pushed out of the nozzle orifice 1 3. At instant that the 
pushed meniscus recoils, the pressure generating 
chamber 31 may be expanded. As a result, the menis- 
cus may be pulled into the pressure generating chamber 
31 , and contraction of the pressure generating chamber 
31 may start in a state that the meniscus is put in the 
pressure generating chamber 31. 
[0193] Then, the voltage of the medium-dot drive 
pulse is decreased from the highest voltage VH to the 
lower peak voltage VL at a gradient 61 7 (P1 1 9 to PI 20). 
The lowest voltage VL is held for a predetermined time 
period (P120 to PI 21) to til! ink to the pressure gener- 
ating chamber 31 , At this time, the pressure generating 
chamber 31 is contracted to abruptly reduce its volume, 
and an ink drop is jetted from the nozzle orifice 13. As 
described above, the contraction of the pressure gener- 
ating chamber 31 starts in a state that the meniscus is 
pulled to and put In the pressure generating chamber 
31 , and an ink drop is jetted in a state that the signal 
Tvoltage is abruptly increased from VL to a voltage WMH, 
twhich is somewhat tower than the highest voltage VH, 
at a gradient 618 (PI 21 to PI 22), Therefore, the volume 
of an ink drop to be jetted is suitable for fomoation of the 
medium dot 

[01 94] After a predetermined time period elapses In a 
state that the voltage VMH is applied to the piezoelectric 
vibrator (PI 22 to P123}. the signal voltage is decreased 
from the voltage VMH to the medium voltage VM to 
damp the fluctuation of the meniscus; the pressure gen- 
erating chamber 31 is expanded to resume the refer- 
ence volume (PI 23 to PI 24). 

[0195] An operation to eject a large ink drop by apply- 
ing a large-dot drive pulse to the piezoelectric vibrator 
25 is similar to that in the fifth embodiment already stat- 
ed. No further description of this will be given. 
[0196] In the embodiment, the waveform of the drive 
signal is configured such that the expansion wave ele- 
ment of the wave element forming a large-dot drive 
pulse is divkied into two wave elements, a first expan- 
sion wave element (PI 1 1 to P11 3) and a second expan- 
sion wave element (PI 28 to P1 29), and a wave element 
forming the medium-dot drive pulse is kx^ated between 
the first and second expansion wave elements (con-e- 
sponds to the partial expansbn wave element). There- 
tore, a hokJing time (PI 21 to PI 29) in the expansion 
wave element may be set to be long. Further, the drive 
signal may be constructed to b short. Therefore, a plu- 
rality of drive pulses may be packed into within the lim- 



ited print period. 

[0197] Additionally, the ejection wave element (PI 21 
to PI 22) of the medium-dot drive pulse and the ejection 
wave element (PI 31 to PI 33) of the large-dot drive 

s pulse may be disposed close to each other on the time 
axis. The fact implies that an incorrect landing position 
of the ink drop on the printing medium is lessened, and 
that a high print quality is secured. 
[0198] A seventh embodiment of the present inven- 

10 tion will be described. A waveform of a drive signal con- 
figured in the seventh embodiment Is such that a plural- 
ity of drive pulses are divided into a plurality of wave 
elements, and a wave element of another drive pulse is 
interposed between the wave elements of one dive 

'5 pulse. 

[0199] A drive signal shown in Fig. 1 2(a) is capable of 
ejecting a large ink drop and a small ink drop through 
the same nozzle orifice 1 3. The waveform configura- 
tions of other signals than the drive signal are the same 
20 as those in the first embodiment, and no explanatbn of 
them will be given. 

[0200] In the drive signal, a wave element forming a 
small-dot drive pulse (corresponds to the second drive 
pulse) is divided into two wave elements located in the 

25 periods T1 and T3. A wave element forming a large-dot 
drive pulse (corresponds to the first drive pulse) is divid- 
ed into two wave elements located in the periods T2 and 
T4. A first wave element (PI 41 to PI 43) in the period 
T1 and a third wave element (P152 to P159) in the pe- 

30 nod T3 form a snoall-dot drive pulse. A second wave el- 
ement (PI 46 to PI 49) in the perkxi T2 betvyeen the pe- 
riods T1 and T3 and a fourth wave element (P162 to 
PI 89) in the period T4 fomn a large-dot drive pulse. 
[0201] A first connection element (P143to P146) (Fig. 

35 12(b)) is located in a perkxl TS1 between the periods 
T1 and T2. The first connection element connects the 
end point (PI 43) of the first wave element and the start 
point (PI 46) of the second wave element. A second con- 
nectkxi element (PI 49 to PI 52. Fig. 12(c)) is located in 

40 a perkxJ TS2 between the periods T2 and T3, and a third 
connectbn element (PI 59 to P162, Fig. 1 2(d)) is kxjated 
in a perkxi TS3 between the periods T3 and T4. 
[0202] The drive pulse generator (selectk>n signal 
generating section 22, level shifter 23 and switch circuit 

45 24) receives the print data of "10001 00" and selects the 
wave elements in the periods T1 and T3 of the drive sig- 
nal, and composes them into a small-dot drive pulse. 
The drive pulse generator receives the print data of 
■001 0001 ■ and selects the wave elements in the periods 

so T2 and T4 of the drive signal, and generates a large-dot 
drive pulse. 

[0203] When the small-dot drive pulse is applied to 
the piezoelectrk; vibrator 25. an ink drop is jetted in the 
following way. 

55 [0204] The voltage of the drive pulse is increased from 
the medium voltage VM to the highest voltage VH.at 
such a gradi nt 61 9 so as not to eject an ink drop (P1 41 
to PI 42). The highest voltage VH is held tor a predeter- 
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mined time period (PI 42 to PI 43, PI 52 to PI 53). At this 
time, the pressure generating chamber 31 contracts to 
have a volume smaller than the reference volume, and 
secures an expansion margin tor the next expansion of 
the pressure generating chanr^ber 31 . 
[0205] With the time of holding the highest voltage 
VH, the meniscus is pushed out of the edge of the nozzle 
orifice 13. At instant that the pushed meniscus recoils, 
the pressure generating chamber 31 may be expanded. 
As a result, the meniscus may be pulled into the pres- 
sure generating chamber 31, and contraction of the 
pressure generating chamber 31 may start in a state thiat 
the meniscus is put in the pressure generating chamber 
31. 

[0206] The signal voltage is decreased from the high- 
est voltage VH to the lowest voltage VL at a gradient 
620 (PI 53 to P 1 54). The lowest voltage VL is held for a 
predetermined time period (P154 to P155) to fill ink to 
the pressure generating chamber 31 , Then, the signal 
voltage is increased from the lowest voltage VL to the 
highest voltage VH at a gradient 821 (PI 55 to PI 56). At 
this time, the volume of the pressure generating cham- 
ber 31 is rapidly reduced, while an ink pressure within 
the pressure generating chamber 31 is increased. The 
result is to eject an ink drop through the nozzle orifice 1 3. 
[0207] In this case, an ink drop is jetted in a manner 
that the signal voltage is increased to the highest voltage 
VH in a state that the meniscus is deeply pulled into the 
pressure generating chamber. Therefore, a small ink 
drop jetted has an ink volume suited to the small dot. 
[0208] A state that the highest voltage VH is applied 
to the piezoelectric vibrator 25 is held for a predeter- 
mined time period (P156 to P157). and the signal volt- 
age is decreased from the highest voltage VH to the me- 
dium voltage VM so as to damp the fluctuatbn of the 
meniscus tor a short time; the pressure generating 
chamber 31 resumes the reference volume (PI 57 to 
P158). 

[0209] An operation to eject a large ink drop by apply- 
ing a large-dot drive pulse to the piezoelectric vibrator 
25 is similar to that in the fifth embodiment already stat- 
ed. No further description of this will be given. 
[0210] The drive signal contains the wave elements 
forming the large- and small-dot ejection waveforms. 
Therefore, the drive signal per $e may be constructed 
to be short, and an increased number of drive pulse 
waves may be confined within the limited print period. 
The wavefomi configurations of other signals than the 
drive signal are the same as those in the sixth emtxxJi- 
ment, and no explanatkxi of them will be given. 
[0211] Description will be given about an eighth em- 
bodiment of the present invention in whk;h a drive signal 
Is capable of generating small-, medium- and large-dot 
drive pulses, and a degree of contraction of the pressure 
generating chamber 31 by the small-dot drive pulse is 
different from that of the pressure generating chamber 
31 by the medium-dot drive pulse. 
[0212] As shown in Fig. 13, in the waveform of the 



drive signal, a wave element forming a large-dot drive 
pulse (corresponds to the first drive pulse) is divided into 
two wave elements located in the periods T1 (PI 80 to 
PI 82) and T6 (P21 3 to P220). A wave element forming 

6 a medium-dot drive pulse (corresponds to the second 
drive pulse) is divided into two wave elements located 
in the periods T2 (PI 85 to PI 88) and T4 (P1 93 to P200). 
A wave element forming a small -dot drive pulse (corre- 
sponds to the third drive pulse) is divkied into three wave 

10 elements located in the periods T2 (P185 to PI 88), T3 
(P188 to P190). and T5 (P203 to P210). 
[021 3] A first connection element (P1 82 to P 1 85. Fig. 
14(a)) is located in a period TS1, located between the 
periods T1 and T2. and connects the end point (PI 82) 

15 of the first wave element and the start point (PI 85) of 
the second wave element, both points being at different 
voltage levels. A second connection element (PI 90 to 
PI 93. Fig. 14(b)) is kxated in a period TS2. located be- 
tween the periods T3 and T4; a third connectkx) element 

20 (P200 to P203). Fig. 14(c)) is located in a period TS3, 
located between the periods T4 and T5; and a fourth 
connection element (P21 0 to P21 3, Fig. 1 4(d)) is located 
in a period TS4, located between the periods T3 and T4. 
[0214] The drive pulse generator (selectbn signal 

25 generating section 22, level shifter 23 and switch circuit 
24) receives the print data of "0011000100' and selects 
the second, third and fifth wave elements in the periods 
T1 , T3 and T5 of the drive signal, and composes them 
into a snriall-dot drive pulse. The drive pulse generator 

30 receives the print data of "001 001 0000" and selectsthe 
second and fourth wave elements in the periods T2 and 
T4 of the drive signal, and composes them into a medi- 
um-dot drive pulse. The drive pulse generator receives 
the print data of '1 000000001 " and selects the first and 

35 sixth wave elements In the perkxls T1 and T6 of the drive 
signal, and composes them into a large-dot drive pulse. 
[0215] The large-dot drive pulse, as the first wave el- 
ement In the nfth embodiment, includes expansion wave 
elements (PI 80 to P182, P213 to P214). a filling wave 

40 element (P214 to P216), an ejection wave element 
(P216 to P218). and a damp wave element (P218 to 
P21 9). The expansion wave element expands the pres- 
sure generating chamber 31 so as to charge some 
amount of ink into the pressure generating chamber 31 

45 by decreasing the signal voltage from the medium volt- 
age VM to the second medium voltage VML. and holds 
this expanded state of the pressure generating chamber 
for a predetermined time period (PI 80 to PI 82. P21 3 to 
P214). The filling wave element further expands the 

60 pressure generating chamber 31 already expanded by 
the expansion wave element to fill ink to the pressure 
generating chamber 31. The ejection wave element 
ejects an ink drop through the nozzle orifice 1 3. The 
damp wave element damps a fluctuation of the menis- 

ss cus occurring immediately after the ejection. 

[021 6] The snnall-dot drive pulse includes a first con- 
tractkxi wave element (PI 85 to P188). a second con- 
traction wave element (P188toP190, P203to P204). a 
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filling wave element (P204 to P206). an ejection wave 
elemenl (P206 to P208). and a damp wave element 
(P208 to P209). The first contraction wave element 
slightly contracts the pressure generating chamber 31 
by increasing the signal voltage from the medium volt- 
age VM to a third medium voltage VMH, which is be- 
tween the medium voltage VM and the highest voltage 
VH. The second contraction wave element further con- 
tracts the contracted pressure generating chamber 31 
and holds this contracted state of the pressure generat- 
ing chamber. The filling wave element expands the con- 
tracted pressure generating chamber 31 to fill ink to the 
pressure generating chamber The ejection wave ele- 
ment contracts the expanded pressure generating 
chamber 31 to eject an ink drop through the nozzle ori- 
fice 13. The damp wave elemenl damps a fluctuation of 
the meniscus occurring immediately after the ejection. 
[0217] The medium-dot drive pulse includes a first 
contraction wave element (P185 to P188, P193 to 
PI 94), a filling wave element (P194 to PI 96), an ejec- 
tion wave element (PI 96 to PI 98). and a damp wave 
element (PI 98 to PI 99). The first contractkxi wave el- 
ement slightly contracts the pressure generating cham- 
ber 31 by increasing the signal voltage from the medium 
voltage VM to a third medium voltage VMH, and holds 
this contracted state of the pressure generating cham- 
ber The filling wave element expands the contracted 
pressure generating chamber 31 to fill ink to the pres- 
sure generating chamber The ejection wave element 
contracts the expanded pressure generating chamber 
31 to eject an ink drop through the nozzle orifice 1 3. The 
damp wave element damps a fluctuation of the menis- 
cus occurring immediately after the ejection. 
[0218] The second wave element (P185 to P188) in 
the period T2 is used by both the first contraction wave 
element of the medium-dot drive pulse and the first con- 
traction wave element of the snrall-dot drive pulse. 
[0219] In the drive signal, the contraction wave ele- 
ment for contracting the pressure generating chamber 
31 contains a stepwise filling wave element consisting 
of two filling wave elements, the first contraction wave 
element In the period T2 and the secorKJ contraction 
wave element in the period T3. 
[0220] The eighth embodiment ejects an Ink drop of 
the snr^ll volume by applying the small<k3t drive pulse 
to the piezoelectric vibrator 25. as in the seventh em- 
bodiment. In this embodiment, the stepwise filling wave 
element consisting of the first and second contraction 
wave elements (PI 85 to P188, PI 88 to Pi 90) is applied 
to the piezoelectrk; vibrator 25 when the pressure gen- 
erating chamber 31 is contracted. 
[0221] When the medium-dot drive pulse is applied to 
the piezoelectric vibrator 25, an ink drop is jetted in the 
foltowing way The voltage of the drive pulse is in- 
creased from the medium voltage VM to th third medi- 
um voltage VMH (between th medium voltage VM and 
th highest voltage VH) at such a gradient 622 so as not 
to eject an ink drop (P186 to P187). The third medium 



voltage VMH is held for a predetermined time period 
(P187 to P188, PI 93 to PI 94). At this time, the pressure 
generating chamber 31 contracts to have a volume 
smaller than the reference volume, and secures an ex- 

5 pansion margin for the next expansion of the pressure 
generating chamber 31 . The signal voltage is decreased 
from the third medium voltage VMH to the bwest voltage 
VL (PI 94 to PI 95) at a gradient 923. The lowest voltage 
VL is held for a predetermined time period (P195 to 

10 PI 96) to fill ink to the pressure generating chamber 31 , 
Then, the signal voltage is abruptly increased from the 
lowest voltage VL to the highest voltage VH at a gradient 
024 (PI 96 to PI 97). At this time, the volume of the pres- 
sure generating chamber 31 is reduced to eject an ink 

IS drop through the nozzle orifice 13. The highest voltage 
VH is held for a predetermined time period (PI 97 to 
PI 98). With the time of holding the highest voltage VH, 
the pressure generating chamber 31 is expanded so as 
to damp the fluctuation of the meniscus for a short time, 

20 and the pressure generating chamber 31 resumes the 
reference volume (PI 98 to PI 99). 
[0222] The eighth embodiment can eject a large ink 
drop of a relatively large volume by applying the large- 
dot drive pulse to the piezoelectric vibrator 25. as in the 

25 fifth embodiment- 

[0223] In the drive signal of the embodiment, the con-~ 
tractbn wave element for contracting the pressure gen- 
erating chamber 31 contains a stepwise filling wave el- 
ement consisting of the first contraction wave element 

30 (P186 to PI 88) and the second contraction wave ele- 
ment (P188 to PI 90). With use of the thus shaped filling^ 
wave element, a plurality way of stepwise voltage vari- 
ation are realized by selectively connecting those two 
contraction wave elements, not using greater numbers 

35 of separate contraction wave elements. Furthermore, 
the length of drive signal perse can be shortened. 
[0224] The wave element of the large-dot drive pulse 
is time-axially divided Into two wave elements, a first 
wave element and a sixth wave element, which are lo- 

40 cated in tfie periods T1 and T6. The expansksn wave 
element is also divided into two expansion wave ele- 
ments, first and second expansion wave elements. The 
first expansbn wave element Is contained in the first 
wave element occupying the front part of the drive sig- 

45 nal. The second expansion wave element is contained 
in the sixth wave element. 

[0225] Since another wave element is thus placed In 
the holding time of the expansk>n wave element, the 
holding time of the expansion wave element may be se- 
so lected to be sufficiently long, and reduction of the entire 
drive signal results. 

[0226] The first expansion wave element contains an 
expansion segment (P180 to PI 81). The expansran 
segment partly forming the expansion wave element oc- 
ss cupies the front part of the drive signal. An ejection wave 
element (P216 to P218) of the large-dot drive pulse Is 
kx:ated at the end part of the drive signal. With this, an- 
other wave elements may be tocated in the holding time 
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of the expansion wave elemenl. The holding time of the 
expansion wave element nnay be selected to be suffi- 
ciently long, and reduction of the entire drive signal re- 
sults. 

[0227] As described above, the contraction wave el- 
ement for contracting the pressure generating chamber 
31 contains a stepped contraction wave element (step- 
wise filling wave element) consisting of the first contrac- 
tion wave element and the second contraction wave el- 
ement. The same thing is correspondingly applied to the 
wave element for expanding the pressure generating 
chamber 31 : the expansion wave element consists of a 
stepped wave element (stepwise expansion wave ele- 
ment) consisting of first and second expansion wave el- 
ements. . 

[0228] In the waveform of the drive signal of the em- 
bodiment, the wave element forming the medium-dot 
drive pulse is divided into the first contraction wave el- 
ement (P185 to P188) and the second contraction wave 
element (PI 93 to PI 94). The wave element forming a 
small-dot drive pulse is disposed between the first and 
second contraction wave elements. An increased 
number of wave elements may be confined within the 
limited print period. 

[0229] Each drive pulse generated by the drive pulse 
generator is designed such that the ejection wave ele- 
ment (PI 96 to PI 98) of the medium-dot drive pulse is 
located before the ejection wave element (P205 to 
P208) of the small-dot drive pulse on the time axis, and 
that the ejection wave element (P216 to P218) of the 
large-dot drive pulse is located after the ejection wave 
element of the smalWot drive pulse on the time axis. 
[0230] In a bi-directional print mode, the ink drops are 
jetted in the order of a medium ink drop, a snnall ink drop 
and a large ink drop during the print period T in the for- 
ward print direction, and those are jetted in the order of 
a large ink drop, a snnall ink drop and a medium ink drop 
in the backward print direction. When the forward print 
direction is compared with the t>ackward print directkxi. 
only difference between them is that the landing position 
of the large ink drop is replaced with that of the medium 
ink drop. This indicates that the print quality is improved. 
[0231] A ninth embodiment of the present invention 
will be described in which large-, medium- and small- 
dot drive pulses, and an in-print fine vibration pulse are 
generated from a drive signal. 

[0232] As shown in Fig. 15, a wave element fonning 
an in-print fine vibraton pulse is divided into three wave 
elements, and those wave elements are located in the 
periods Tl (P221 to P225), T4 (P240 to P243), and T5 
(P243 to P246). A wave element forming a small-dot 
drive pulse (con-esponds to the second drive pulse) is 
divided into two wave elements, and those wave ele- 
ments are kxated in the period T2 (P225 to P228) and 
. the period T6 (P247 to P258). A wave element forming 
a nr^ium-dot drive pulse (corresponds to the second 
drive pulse) is kx^ated in the perkxJ T3 (P230 to P240). 
A wave element fonning a large-dot drive pulse (corre- 



sponds to the first drive pulse) is divkJed into two wave 
elements, and those wave elements are located in the 
period T4 (P240 to P243) and the period T7 (P260 to 
P266). The wave element in the parked T4 is used by 
s both the large-dot drive pulse and the in -print fine vibra- 
tion pulse. 

[0233] A first connection element (P228 to P229) is 
located in a period TS1 between the periods T2 and T3. 
A second connection element (P246 to P247) located in 

10 a perkxJ TS2 between the periods T5 and T6, and a third 
connection element (P258 to P259) is located in a period 
TS3 between the periods T3 and T4. 
[0234] The drive pulse generator (selection signal 
generating section 22. level shifter 23 and switch circuit 

IS 24) receives the print data of "00001 00Q01 " and selects 
the fourth and seventh wave elements in the periods T4 
and T7 of the drive signal, and composes them into a 
large-dot drive pulse. The drive pulse generator re- 
ceives the print data of '0001000000" and selects the 

20 third wave element in the periods T3 of the drive signal, 
and composes them into a medium-dot drive pulse. The 
drive pulse generator receives the print data of 
"0100000100" and selects the second and sixth wave 
elements in the periods T2 and T6 of the drive signal, 

25 and composes them into a medium-dot drive pulse. The 
drive pulse generator receives the print data of 
"10001 10000" and selects the first, fourth and fifth wave 
elements in the periods Tl , T4 and T5 of the drive signal, 
and composes them into an in-print fine vibration pulse. 

30 [0235] As shown in Fig. 16. the large-dot drive pulse, 
as the large-dot drive pulse in the fifth embodiment, in- 
cludes expanskxi wave elements (P241 to P243, P259 
to P260). a filling wave element (P260 to P262), an ejec- 
tion wave element (P260 to P264). and a damp wave 

35 element (P264 to P265). The expansbn wave element 
slightly expands the pressure generating chamber 31 
so as to charge some amount of ink into the pressure 
generating chamber 31. and holds this expanded state 
of the pressure generating chamber for a predetermined 

40 time period. The filling wave.element further expands 
the pressure generating chamber 31 already expanded 
by the expanskxi wave element to fill ink to the pressure 
generating chamber 31. The ejection wave element 
ejects an ink drop through the nozzle orifice 13 by 

45 abruptly increasing the signal voltage to a second high- 
est voltage VH\ slightly tower than the highest voltage 
VH. The damp wave element damps a fluctuation of the 
meniscus occurring immediately after the ejection. 
[0236] The medium-dot drive pulse includes a filling 

60 wave element (P230 to P232), an ejection wave element 
(P232 to P234) for expanding the pressure generating 
chamber 31 , a pull-in wave element (P234 to P236). and 
a damp wave element (P236 to P239), The ejection 
wave element expands the pressure generating cham- 

55 ber 31 by decreasing the towest voltage VL to a second 
towest voltage VL' slightly higher than the towest voltage 
VL at a gradient 631. The expanded state of the pres- 
sure generating chamber is held for a predetemnlned 
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time period (P230 to P232). The pull-in wave element 
pulls the meniscus to the pressure generating chamber 
31 by abruptly expanding the pressure generating 
chamber 31 just before a part of ink to be an ink drop by 
the appllcatbn of the ejectkxi wave element is separat- 
ed from the meniscus. The damp wave element damps 
a fluctuation of the meniscus occurring immediately af- 
ter the ejection. 

[0237] The small-dot drive pulse includes contraction 
wave elements (P226 to P228. P247 to P248), a filling 
wave element (P248 to P250). a pull-in wave element 
(P252 to P254). and a damp wave element (P254 to 
P257). The contraction wave element slightly contracts 
the pressure generating chamber 31 by increasing the 
signal voltage from the medium voltage VM to the high- 
est voltage VH and holds this contracted state of the 
pressure generating chamber for a predetermined time 
period. The filling wave element expands the pressure 
generating chamber 31 contracted by the contraction 
wave element to fill ink to the pressure generating cham- 
ber. The ejection wave element contracts the expanded 
pressure generating chamber 31 . The pull-in wave ele- 
ment pulls the meniscus to the pressure generating 
chamber 31 by abruptly expanding the pressure gener- 
ating chamber 31 just before a part of ink to be an ink 
drop by the application of the ejection wave element is 
separated from the meniscus. The damp wave element 
damps a fluctuation of the meniscus occurring immedi- 
ately after the ejection. 

[0238] The in-print fine vibration pulse contains a first 
fine vibration wave element (P221 to P224) and a sec- 
ond fine vibratkxi wave element (P241 to P245). 
[0239] The ninth embodiment can eject a large ink 
drop of a large volume by applying the large-dot drive 
pulse to the piezoelectrk; vibrator 25, as in the fifth em- 
bodiment. 

[0240] When the medium-dot drive pulse is applied to 
the piezoelectric vibrator 25. an ink drop is jetted in the 
foltowing way. The voltage of the drive pulse is de- 
creased from the medium voltage VM to the second low- 
est voltage A^* at such a gradient 831 so as not to eject 
an ink drop (P230 to P231 ). The second lowest voltage 
VU is held for a predetermined time period (P231 to 
P232). The result is to fill ink into the pressure-generat- 
ing chamber 31 . The signal voltage is abruptly increased 
from the lowest voltage VL to the second highest voltage 
VH* at a gradient 932 (P232 to P234). At this time, the 
pressure generating chamber 31 rapidly contracts, 
while an ink pressure within the pressure generating 
chamber rises. With rise of the ink pressure, a central 
part of the meniscus is curved upward. The signal volt- 
age descends to a pull-in voltage VA at a gradient 633 
just before a part of ink to be an ink drop is separated 
from the meniscus {P234 to P235). As a result, the pres- 
sure generating chamb r 31 is abruptly expanded, a 
negative pressure is set up in the chamber, and the cir- 
cumferential edge of th meniscus is pulled into the 
pressure generating chamber 31 . The central part of the 



meniscus is separated from the meniscus and jetted in 
the form of an ink drop. After the ink drop ejectbn, the 
increased voltage is decreased again to contract and 
expand the pressure generating chamber 31 to quicken 
s the settling down of the fluctuation of the meniscus 
(P236 to P239). 

[0241] When the small-dot drive pulse is applied to 
the piezoelectric vibrator 25, the signal voltage is in- 
creased from the medium voltage VM to the highest volt- 

10 age VH, and the voltage VH is held for a predetermined 
time perkxi (P226 to P228, P247 to P248) in order to 
attain a margin for expansion. Subsequently, an opera- 
tion similar to that of the medium-dot drive pulse will be 
performed. Where the small-dot drive pulse is used, an 

'5 Ink drop is jetted in a state that the meniscus is deeply 
pulled into the pressure generating chamber Therefore, 
a much smaller ink drop is jetted. 
[0242] When the fine vibration drive pulse is applied 
to the piezoelectrk; vibrator 25. the first and second fine 

20 drive pulses a little expand the pressure generating 
chamber 31 . so that its volume is somewhat larger than 
the reference volume defined by the medium voltage 
VM. After this state is held for a predetermined time pe- 
riod, the volume of the pressure generating chamber 31 

25 is returned to the reference volume. In turn, the menis- 
cus is a little pulled to the pressure generating chamber 
31 and returned to its stationary state. Therefore, ink is 
agitated around the nozzle orifice 13. 
[0243] A tenth embodiment of the present invention 

30 will be described. A waveform of a drive signal config- 
ured in the tenth embodiment is such that a small-dot 
ejection wave element serving as an other-dot ejection 
wave element is arranged between two large-dot ejec- 
tion wave element waveforms of which are the same 

3S with each other. 

[0244] In the drive signal as shown in Fig. 17, a first 
wave element is located in a period T1 (P270 to P273), 
. a second wave element is located in a perkxi T2 (P274 
to P281), a third wave element is located in a period T3 

^ (P282 to P289), a fourth wave element is located in a 
perkxJ T4 (P289 to P295), a first connectbn element Is 
k)cated in a perkxJ TS1 (P273 to P274), and a second 
connectk5n element is kxated in a period TS2 (P281 to 
P282). 

45 [0245] The first wave element includes a contraction 
wave element (P271 to P272). The second wave ele- 
ment includes a first filling wave element (P275 to 
P277), a first large-dot ejection wave element (P277 to 
P279) and a first damp wave element (P283 to P285). 

50 The third wave element includes a second filling wave 
element (P283 to P285), a small-dot ejection wave ele- 
ment (P285 to P267) and a second damp wave element 
(P287 to P288). The fourth wave element includes a 
third filling wave element (P290 to P292), a second 

55 large-dot ejectk>n wave element (P292 to P294) and a 
third damp wave element (P294 to P295). 
[0246] The second and fourth wave elenDents in this 
embodinr>ent have the same wavefornr^. Time period 
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from a start point of the first wave element (P270) to an 
end point of the first damp wave element (P280) Is iden- 
tical with time period from the end point of the first damp 
wave element (P280) to a start point of a third damp 
wave element (P295), The end point of the third damp 
wave element (P295) is a start point of a first wave ele- 
ment (P270) in the next printing period T. 
[0247] In order to generate a small-dot drive pulse 
from the drive signal, the drive pulse generator (selec- 
tion signal generating section 22. level shifter 23 and 
switch circuit 24) selects the first and third wave ele- 
ments therefrom and connects the selected wave ele- 
ments. Specifically, the drive pulse generator selects the 
above wave elements based on print data of "100010". 
In a case where the drive pulse generator generates a 
Iarge<Jot drive pulse, the second wave element is se- 
lected base on print data of "001 000' or the fourth wave 
element is selected based on print data of "000001*. 
Namely, the second and fourth wave elements can sep- 
arately form the large-dot drive pulse in this embodi- 
ment. 

[0248] In a case where large ink drops are serially 
ejected, the drive pulse generator selects both of the 
second and fourth wave elements based on print data 
of "001001" to generate two large-dot drive pulses. As 
described above, waveforms of the former large-dot 
drive pulse (P275 to P280) and the latter large-dot drive 
pulse (P290 to P295) are identical with each other. And 
the time period from the start point of the driving period 
T (P270) to the start point of the former large-dot drive 
pulse {P275) and the time period from the end point of 
the former large-dot drive pulse (P280) to the start point 
of the latter large-dot drive pulse (P290) are identical 
with each other. Namely, the time period from the end 
point of one large-dot drive pulse to the start point of 
next large-dot drive pulse is made constant. 
[0249] Whereby, in the above case, the large ink drop 
can be ejected at a constant period, viz. a constant fre- 
quency, Accordingly, deviatkxi of the landing position of 
the ink drops ejected by the former and latter large-dot 
drive pulses can be reduced, and thereby the print qual- 
ity can be improved. Furt^ier, the recording head 8 can 
be driven with a frequency as high as possible. In this 
embodiment, the drive signal is generated with the re- 
cording period T of 10. 8 kHz, for instance. According to 
the above configuratbn, since two large ink drops can 
be ejected within the recording period T, the substantial 
driving frequency of the recording head 6 can be In- 
creased. 

[0250] Further, since the ejection wave element fomn- 
.ing the small-dot drive pulse, which serves as the other- 
dot wave element, is arranged between the two ejection 
wave elements composing large-dot wave element, 
more drive waveforms can be contained within the lim- 
ited recording perkxJ T. 

[0251] Still further, since the waveforms of the two 
large-dot driv pulses are identrcal with each other, the 
ink drop having same volume can be ejected by any of 



large-dot drive pulses. Namely, the large dots having 
same size can be attained. 

[0252] Although two large-dot drive pulses are iriclud- 
ed within the recording period T in this embodiment. 

s mote large-dot drive pulses may be included therein. 
[0253] There will be described an eleventh embodi- 
ment of the present invention which allows large ink 
drops, medium-ink drops and small ink drops are jetted 
from an identical nozzle orifice 13. In this embodiment, 

10 waveforms of two large -dot ejection wave elements 
forming a large<lot drive pulse are identical with each 
other. The large-dot ejection wave elements are ar- 
ranged in a drive signal so as to appear at constant tim- 
ing in a recording period. A small-dot ejection wave el- 

is ement is arranged between the large-dot ejection wave 
elements. 

[0254] In a drive signal as shown in Fig. 18, a first 
wave element is located in a period T1 (P300 to P303), 
a second wave element is located in a period T2 (P304 

20 to P31 1 ), a third wave element is located in a period T3 
(P312 to P317), a fourth wave element is located in a 
period T4 (P317 to P323), a first connection element is 
located in a perkxi TS1 (P303 to P304), and a second 
connection element is located in a period TS2 (P311 to 

25 P312). 

[0255] The first wave element includes a contraction 
wave element (P301 to P302). The second wave ele- 
ment includes a first filling wave element (P305 to 
P307), a first ejection wave element (P307 to P309) and 

30 a first damp wave element (P309 to P310). The third 
wave element includes a second filling wave element 
(P31 3 to P314), a second ejectkxi wave element (P31 4 
to P315) and a second damp wave element (P315 to 
P316). The fourth wave element includes a third filling 

35 wave element (P31 8 to P320), a third ejectkxi wave el- 
ement (P320 to P322) and a third damp wave element 
(P322 to P323). The end point of the third damp wave 
element (P323) is a start point of a first wave element 
(P300) in the next printing period T 

40 [0256] In order to generate a small-dot drive pulse 
from the drive signal, the drive pulse generator (selec- 
tion signal generating section 22, level shifter 23 and 
switch circuit 24) selects the first and third-wave ele- 
ments therefrom and connects the selected wave ele- 

45 ments. Specifically, the drive pulse generator selects the 
above wave elements based on print data of "100010". 
In the small-dot drive pulse, the second ejection wave 
element (P314 to P315) of the third wave element 
serves as an other-dot drive pulse of the present 

so invention. . 

[0257] In a case where the drive pulse generator gen- 
erates a medium-dot drive pulse from the drive signal, 
the drive pulse generator selects the fourth wave ele- 
ment based on print data of "000001", Namely, the 

ss fourth wave element independently forms the medium- 
dot drive pulse. 

[0258] In a case where the drive pulse generator gen- 
erates a large-dot drive pulse, the drive pulse generator 
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selects both of the second and fourth wave elements 
based on print data of "001001 • and connects them. In 
the large-dot drive pulse, the first ejection wave element 
(P307 to P309) of the second wave element and the 
third ejection wave element (P320 to P322) of the fourth 
wave element serve as a large-dot ejection wave ele- 
ment. 

[0259] As described above, waveforms of the former 
large<jot drive pulse (P305 to P31 0) and the latter large- 
dot drive pulse (P318 to P323) are identical with each 
other. And the time period from the start point of the driv- 
ing period T (P300) to the start point of the former large- 
dot drive pulse (P305) and the lime period from the end 
point of the former large-dot drive pulse (P310) to the 
start point of the latter large-dot drive pulse (P31 8) are 
identical with each other. Namely, the time period from 
the end point of one large-dot drive pulse to the start 
point of next large-dot drive pulse is made constant. 
[0260] In this embodiment, the smaII<iot ejection 
wave element (P31 3 to P31 6) forming the small-dot driv- 
ing pulse is arranged between the large-dot ejection 
wave elements. According to this configuration, in the 
bi-directional printing in which printing is executed in 
both of former and latter action ol reciprocate movement 
of the recording head 8 (the carriage), landing position 
of the small and large ink drops can be aligned by align- 
ing the landing position of the large ink drop with refer- 
ence to the landing position of the small ink drop ejected 
by the small-dot drive pulse. 

[0261] Further, since the waveforms of the two large- 
dot drive pulses are identical with each other, the ink 
drop having same volume can be ejected by any of 
large-dot drive pulses. Namely, the large dots having 
same size can be attained. 

[0262] StII! further, since the large-dot ejection wave 
elements are arranged so as to appear at a constant 
period in the recording period T, in the bi-directkxial 
printing, the same recording condition can be attained 
in both of the former and latter actkxi of the reciprocate 
movement. 

[0263] In view of the above, according to the present 
inventkxi, high quality image can be recorded especially 
in the bidirectional printing. 

[0264] While the piezoelectric vibrator 25 used for the 
pressure generating elements of the recording head 8 
is of the flexural vibration type in the above-mentkxied 
embodiments, the piezoelectric vibrator may be of the 
vertrcal vibratkxi type. An example of the piezoelectric 
vibrator operable in the longitudinal vibration mode is 
shown in Fig. 17. In the figure, the piezoelectric vibrator 
is designated by reference numeral 61 , and the record- 
ing head Is designated by 62. 

[0265] The recording head 62 is made up of a syn- 
Ihetk; resin base member 63 and a channel unit 64 
bonded to the front face (left side in the drawing) of the 
base member 63. The channel unit 64 Includes a nozzle 
plate 66 on whteh nozzi orifices 65 are formed, a vibra- 
tion plate 67 and a channel forming plate 68. 



[0266] The base member 63 Is a block like member 
having a space 69 opened to the front and rear faces. 
A piezoelectric vibrator 61 fixed on a substrate 70 is ac- 
commodated within the space 69. 

s [0267] The nozzle plate 66 is a thin plate with a 
number of nozzle orifices 65 arrayed in the subscanning 
direction. The nozzle orifices 65 are arrayed at prede- 
termined pitches, which correspond to a dot forming 
density. The vibrating plate 67 includes island portions 

10 71 , each provided so as to be associated with a nozzle 
orifice 65 at predetermined pitch. Each island portion 71 
forms a thick part against which the piezoelectric vibra- 
tor 61 is abutted, and an elastic thin portion 72 provided 
surrounding the island portion 71 . 

15 [0268] The channel forming plate 68 includes pres- 
sure generating chambers 73, common ink resen/oir 74, 
and openings for forming ink channels 75 communicat- 
ing the pressure generating chambers 73 with the ink 
reservoir 74. 

20 [0269] The nozzle plate 66 is placed on the front face 
of the channel forming plate 68 and the vibration plate 
67 is placed on the rear face of the vibration plate 67. 
The channel forming plate 68 is sandwiched between 
the nozzle plate 66 and the vibration plate 67, and the 

25 thus combined those members are bonded together into 
the channel unit 64. 

[0270] In the channel unit 64. the pressure generating 
chambers 73 are formed on the rear side of the nozzle 
orifice 65, and the island elements 71 of the vibration 

30 plate 67 are located on the rear side of the pressure gen- 
erating chamber 73. A communication is set up between 
the pressure generating chambers 73 and the Ink res- 
en/oir 74 by the ink channels 75. 
[0271] The top end of the piezoelectric vibrator 61 is 

35 brought into contact with the rear side of the island por- 
tion 71. and in this state the piezoelectric vibrator 61 Is 
fixed to the base member 63. The piezoelectric vibrator 
61 is supplied with a drive signal COM and print data SI 
through a flexible cable. 

40 [0272] The piezoelectrk; vibrator 61 of the longitudinal 
vibratbn type contracts in the direction perpendicular to 
the direction of a charging electric field applied thereto, 
and expands in the directkxi perpendicular to the direc- 
tion of a discharging electric field applied. When a charg- 

45 ing electric field is set up. the piezoelectric vibrator 61 
of the recording head 62 contracts rean^^ardly; with the 
contraction, the island portbn 71 Is pulled rearwardly; 
and the contracted pressure generating chamber 73 is 
expanded. With the expansion, ink is supplied from the 

50 common Ink chamber 74 to the pressure generating 
chamber 73 via the ink passage 75. When a discharging 
electric field Is set up. the piezoelectric vibrator 61 ex- 
pands fonwardly; the island porton 71 of the elastic plate 
is pushed forwardly ; and the pressure generating cham- 

S5 ber 73 contracts. With the contraction, an Ink pressure 
within the pressure generating chamber 73 increases. 
[0273] As seen, in the recording head 62, the relatbn- 
ships of the expansion/contraction to the charging/dis- 
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charging of the piezoelectric vibrator 61 is reverse to 
those In the above-mentioned embodinnents. Therefore, 
where the recording head 62 is used, the polarities of 
the drive signals and the drive pulses are inverse to 
those of the above-mentioned embodiments with re- ^ 
spect to the medium voltage. An example of this is illus- 
trated in Fig. 20. As shown, the polarities of the drive 
signal and the drive pulses are inverse to those in Figs. 
15 and 16 with respect to the medium voltage VM. 
[0274] In the recording head 62, ink is charged into io 
the pressure generating chambers 73 by increasing the 
drive signal voltage. An ink drop is jetted by decreasing 
the signal voltage. It is evident that the use of the re- 
cording head 62 produces the useful effects as the 
above-mentioned one, 

[0275] In the drive signal of Fig. 20, the lowest voltage 
VL is within OV (ground level) and about 5V The end 
point of the first half portbns (P332 to P334 and P339 
to P340) of contraction wave elements where the signal 
voltage descends from the medium voltage VM is set at 20 
the towest voltage VL. The end point of the first half of 
the contraction wave element and the start point of the 
wave element forming the medium-dot drive pulse 
(P335 to P336) are mutually connected by a connection 
element (P334 to F335). 

[0276] When the lowest voltage VL is set within the 
above range (OV to about 5V), the drive signal may be 
constructed by use of voltage varying from ground po- 
tential in the positive direction. This contributes to sim- 
plification of the control. Additionally, when the highest 50 
voltage VH is applied and heW, the voltage level of the 
highest voltage VH may be reduced. This remarttably 
reduces stress imposed on the piezoelectric vibrator 
when the voltage is applied thereto. 
[0277] As seen from the foregoing description, drive 3S 
pulse generator generates a drive signal containing 
wave elements capable of driving a piezoelectric vibra- 
tor and wave elements incapable of driving the piezoe- 
lectric vibrator, and connection elements each connect- 
ing wave elements of which voltage levels are different. 
The drive pulse generator appropriately selects those 
wave elements and composes them into drive pulses. 
Those drive pulses are applied to the piezoelectric vi- 
brator-to eject an ink drop or drops. Since the connec- 
tion element is incapable of driving the plezoelectrk: vi- 45 
brator, the voltage variatbh gradient of the drive signal 
may be sharp. 

[0278] A time taken to connect the wave elements of 
which the connection ends are at different voltage levels 
can be remarkably shorten. Therefore, an Increased ^ 
number of wave elements may be confined Into a drive 
signal within a print period, even if the voltage varying 
gradation and timings of those wave elements are de- 
termined in connection with the pressure generating el- 
ement. 

[0279] A range within which the size of the ink drop Is 
variable may be broadened if the wave lements are 
properly selected. Therefore, ink drops of various sizes 



can be jetted at high printing speed. 
[0280] When it is configured that: a drive pulse gen- 
erator generates a drive pulse containing a wave ele- 
ment whrch expands a pressure generating chamber; 
holds the expanded state of the pressure generating 
chamber for a predetermined time period; further ex- 
pands the expanded pressure generating chamber; and 
contracts the pressure generating chamber to eject an 
Ink drop, a negative pressure Is set up in the pressure 
generating chamber when the pressure generating 
chamber is expanded, and after the holding time, a nor- 
mal pressure is set up again in the pressure generating 
chamber, 

[0281] Since the pressure generating chamber of 
which the internal pressure is now normal is slightly ex- 
panded, a pressure variation within the pressure gener- 
ating chamber when ink is charged into the pressure 
generating chamber can be lessened, to restrict the re- 
traction of the meniscus. 

[0282] When an ink drop of a large volume is jetted, 
an Internal pressure of the ink chamber may be varied 
more broadly. This feature prevents a flying velocity of 
an ink drop from excessively increasing. 
[0283] The flying velocity of the ink drop nnay be ad- 
justed by properly setting a degree of expansbn of the 
pressure generating chamber and the time of holding 
the expanded state of the pressure generating chamber. 
Therefore, the flying velocity of the Ink drop may be se- 
lected appropriate to the ink drop ejectbn. Difference of 
the flying velocities of the jetted ink drops may be re- 
duced. 



Claims 

1 . An ink jet recording apparatus comprising: 

a recording head Including a pressure generat- 
ing element provided in association with a pres- 
sure generating chamber communicating with 
a nozzle orifice, an ink drop is jetted from the 
nozzle orifice by applying a drive pulse to the 
pressure generating element; 
drive signal generating means for generating a 
drive signal; and 

drive pulse generating means for generating a 
drive pulse from the drive signal; 
wherein the drive signal generated by the drive 
signal generating means contains wave ele- 
ments capable of activating the pressure gen- 
erating element and a connection element in- 
capable of activating the pressure generating 
chamber and for connecting connection ends 
of the wave elements having different voltage 
levels, and 

wherein the drive pulse generating means ap- 
propriately selects the wave elements In the 
drive signal and composes them Into the drive 
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pulse. 

The ink jet recording apparatus as set forth'in claim 
1, wherein the time period ot the voltage-gradient 
portion ot the connection element is not longer than s 
that of the wave elements. 



3. The ink jet recording apparatus as set forth in claim 
1, wherein the wave elements include a plurality of 
ejection wave elements capable of driving the pres- 
sure generating element to eject an ink drop, and 

wherein the connection element intercon- 
nects the ejection wave elements. 

4. The ink jet recording apparatus as set forth in claim 
3, wherein the wave elements include a filling wave 
element capable of driving the pressure generating 
element to till ink into the pressure generating 
chamber, and 

wherein the drive pulse generating means 
generates a plurality kinds of drive pulses at the 
time of selecting the ejection wave element and the 
filling wave element. 

5. The ink jet recording apparatus as set forth in claim 
1. wherein the wave elements include a plurality of 
ejection wave elements capable of driving the pres- 
sure generating element to eject ink drops at differ- 
ent timings, and 

wherein the drive pulse generating means 
generates a plurality of drive pulses such that an ink 
drop forming a small-volume dot is ejected earlier 
than an ink drop fomning a large-volume dot. 

6: The ink jet recording apparatus as set forth in claim 
1 . wherein the wave elements include a plurality of 
ejection wave elements capable of driving the pres- 
sure generating element to eject ink drops at differ- 
ent timings, 

wherein the drive pulse generating means gen- 
erates a small-dot drive pulse capable of eject- 
ing a small ink drop to form a small-volume dot, 
a medium-dot drive pulse capable of ejecting a 
medium ink drop to form a medium-volume dot, 
and a large-dot drive pulse capable of ejecting 
a large ink drop to fomn a large-volume dot, and 
wherein either one of large- or medium-dot 
drive pulses is located before an ejection wave 
element of a small-dot drive pulse on the time 
axis, and the other one is located after an ejec- 
tion wave element of a small-dot drive pulse on 
the time axis. 

7. The ink jet recording apparatus as set forth in claim 
1 , wherein the wave elements include first and sec- 
ond large-dot ejection wave elements capable of 
forming a large-volume dot. and an other-dot ejec- 
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Won wave element for ejecting an ink drop to form a 
dot having a size other than the large-volume dot. 

wherein at least the other-dot ejection wave el- 
ement is kxated between the first and second 
large-dot ejection wave elements, and 
wherein the drive pulse generating means gen- 
erates a drive pulse wherein the drive pulse 
generating means generates a drive pulse con- 
taining the first and second large-dot ejection 
wave elements. 

The ink jet recording apparatus as set forth in claim 
1 , wherein the wave elements include a plurality of 
large-dot ejection wave elements for respectively 
ejecting a large ink drop forming a large-volume dot 
and an other<iot ejection wave element for ejecting 
an ink drop forming a dot having a size other than 
the large-volume dot, which is arranged between 
the iarge-dot ejection wave elements, and 

wherein the drive pulse generating means 
generates a drive pulse composed of at least one 
ejection wave element. 

The ink jet recording apparatus as set forth in claim 
8, wherein the waveforms of the plurality of large- 
dot ejection wave elements are substantially the 
same with each other. 



10. The ink jet recording apparatus as set forth in claim 
8 or 9, wherein two large-dot ejectbn wave ele- 
ments are arranged in the drive signal so as to ap- 
pear at constant interval. 



35 11. The ink jet recording apparatus as set forth in claim 
1, wherein the wave elements include a plurality of 
filling wave elements capable of driving the pres- 
sure generating element to fill ink into the pressure 
generating chamber, and an ejection wave element 
capable of driving the pressure generating element 
to eject an ink drop. 

wherein the connection element interconnects 
the filling wave elements, and 
wherein the drive pulse generating means gen- 
erates a drive pulse containing one selected fill- 
ing wave element and an ejection wave ele- 
ment. 
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1 2. The ink jet recording apparatus as set forth in claim 
1. wherein the connection element includes con- 
stant voltage portions at both ends coupled to the 
wave element. 

13. An ink jet recording apparatus comprising: 

a pressure generating element for expanding and 
contracting a pressure generating chamber in re- 
sponse to a drive pulse to vary an ink pressure with- 
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in the pressure generating chamber in order to eject 
an ink drop from an nozzle orifice associated with 
the pressure generating chamber; 

drive signal generating means for generating 
for generating a drive signal; and 
drive pulse generating means for generating a 
drive pulse from the drive signal, the drive pulse 
generating means generating a first drive pulse 
containing an expansion wave element for ex- 
panding the pressure generating chamber and 
holding the expanded state of the-pressure 
generating chamber, a first filling wave element 
for further expanding the pressure generating 
chamber expanded by the expansion wave el- 
ement, and a first ejection wave element for 
contracting the pressure generating chamber 
expanded by the first filling wave element. 

14. The Inkjet recording apparatus as set forth in claim 
1 3. wherein a time period for holding the expanded 
state of the pressure generating chamber is longer 
than the period of a natural period of the pressure 
generating chamber. 

15. The ink jet recording apparatus as set forth in claim 
13, wherein the drive pulse generating means gen- 
erates a second drive pulse containing a contrac- 
tbn wave element for contracting the pressure gen- 
erating chamber and holding the contracted state 
of the pressure generating chamber, a second filling 
wave element for expanding the pressure generat- 
ing chamber contracted and held by the contractbn 
wave element to fill ink therein, and a second ejec- 
\K>n wave element for contracting the pressure gen- 
erating chamber expanded by the second filling 
wave element to eject an ink drop. 

16. The ink jet recording apparatus as set forth in claim 
13, wherein the expansion wave element consists 
of stepwise expansion wave elements for stepwise 
expanding the pressure generating chamber. 

17. The ink jet recording apparatus as set forth in claim 
13, wherein the contraction wave element consists 
of stepwise contraction wave elements for stepwise 
contracting the pressure generating chamber 

18. The ink jet recording apparatus as set forth In claim 
1 3. wherein at least one of the drive pulses is divid- 
ed Into a plurality of wave elements in the drive sig- 
nal, 

wherein at least one other wave element for 
fomning other drive pulse is kxated among the 
divided wave elements, and 
wh rein the drive pulse generating means se- 
lectively composes the divided wave elements 
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into a drive pulse. 

19. The ink jet recording apparatus as set forth In claim 
13. wherein the expanskxi wave element, which is 
to constitute at least one of the drive pulses, is di- 
vided into a plurality of expansion segments, and 

wherein at least one ejection wave element, 
which is to constitute at least one other drive pulse, 
is located among the divided expansion segments 
to form the drive signal. 

20. The ink jet recording apparatus as set forth in claim 
13. wherein the contraction wave element, which is 
to constitute at least one of the drive pulses, Is di- 
vided into a plurality of contraction segments, and 

wherein at least one other ejection wave ele- 
ment, which is to constitute at least one other drive 
pulse, is located among the divided contraction seg- 
ments to form the drive signal. 

21. The ink jet recording apparatus as set forth In any 
of claims 18 to'20. wherein an expansion segment 
constituting a part of the expansion wave element 
is kx^ated the front part of the drive signal, and 

wherein the first ejection wave element is k>- 
cated at the end part of the drive signal. 



22. The ink jet recording apparatus as set forth in any 
of claims 18 to 20, wherein different voltage levels 

30 of the divided wave elements are mutually connect- 
ed by the connection element. 

23. The ink jet recording apparatus as set forth In claim 
21, wherein different voltage levels of the divided 

35 wave elements are mutually connected by the con- 
nection element. 

24. The ink jet recording apparatus as set forth In claim 
1 or 13, wherein the pressure generating element 
is a piezoelectric vibrator of the flexural vibration 
type. 

25. The ink jet recording apparatus as set forth in claim 
1 or 13, wherein the pressure generating element 

45 is a piezoelectric vibrator of the longitudinal vibra- 
tion type. 

26. The ink jet recording apparatus as set forth in claim 
1 or 13, wherein the pressure generating element 

60 includes a piezoelectric vibrator of the longitudinal 
vibration type, 

an end point of the wave element for decreas- 
ing the voltage from a medium voltage is set at a 
voltage level within-a range of 5V from a ground po- 

S5 tential and connected to the connection element. 

27. A method of driving an ink jet reconjing apparatus 
comprising the steps of: 
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generating a drive signal containing divided 
wave elennents mutually connected by at least 
one connection element; 
selecting wave elements located before and af- 
ter the connection element on the time axis; ^ 
composing the selected wave elements into a 
drive pulse; and 

applying the generated drive pulse to a pres- 
sure generating element to eject an ink drop. 

10 

28. A method of driving an ink jet recording apparatus 
comprising the steps of: 

generating a drive pulse for expanding the 
pressure generating chamber, holding the ex- ^5 
panded state of the pressure generating cham- 
ber for a predetermined time period, further ex- 
panding the expanded pressure generating 
chamber and contracting the further expanded 
pressure generating chamber, and 
applying the drive pulse to a pressure generat- 
ing element to eject an ink drop. 
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